Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


Wth  Cokoebsb.)  house  OF  REPBESENTATIVEa.  (  DocuMKKT 
JSd  Segsion.       f  '  \     So.  ll>8. 


DEPABTMENT  OF  THE  IHTBEIOB 


WATER-SUPPLY 


IRRIGATION  PAPERS 

OF  THX 

UNITED  STATES  GEOLOGICAL  SURVEY 
No.   1 


WASHINGTON 

aOTXBNUKnT    FBINTINQ    OFFIOZ 

isoe 


J 


LIBRARY  OF  THE 
LELAND  STANFORD  JR.  UNIVERSITY. 


UNITED  STATES  GEOLOGICAL  8TJKVET 

B  D.  WAUXXl'T,  DIKBCTOK 


PUMPING  WATEE  FOR  IRRIGATION 


HERBERT    M.  WILSON 


WASHINGTON 

GOVERNMENT   PRfflTING   OFPIOB 
1896 


J 


CONTENTS. 


Page. 

Le^er  of  transmittal 9 

Preface 11 

Introdnctory 15 

Pumps  and  motive  powers 17 

Animal  motive  poweiB 20 

Windmills 25 

Water  wheels 35 

Hot-air  and  gasoline  pnmping  engines 45 

Steam  pumping  engines 46 

Centrifugal  and rotiiry  pumps... 50 

Mechanical  and  siphon  elevators 51 

Storage  reservoirs 54 

5 


ILLUSTRATIONS. 


Ptatk  I.  Home-made  wind  engine,  as  nsed  on  the  Great  PlaisB 15 

H.  Steel  windmill  and  tower  carrying  tank SO 

m.  Irrigating  ditch  and  earth  reservoir 82 

rv.  Windmills  and  circular  reservoir Si 

y.  Midstream  wheel  driving  a  bncket  pnmp 86 

VI.  Noria,  or  water  wheel,  lifting  filled  buckets 38 

VII.  Tympanum 40 

Vm.  Centrifugal  pump  driven  by  threshing  engine 50 

IX.  Windmills  and  reservoir 54 

1.  Raising  water  from  well  in  India  by  paecottah 20 

2.  Series  of  shadoofs  as  used  in  Egypt 21 

8.  Swinging  water  by  basket,  or  latha 22 

4.  Using  the  doon,  or  tilting  trough 22 

5.  Bullocks  lifting  water  by  bag,  or  mot 23 

6.  Persian  wheel  driven  by  bullocks 24 

7.  Modem  adaptation  of  Persian  wheel 25 

8.  Doable  zigzag  balance 26 

9.  Old  type  of  windmill,  mounted  on  central  column 31 

10.  Early  form  of  head  of  tower  windmill 32 

11.  Undershot  water  wheel 37 

12.  Overshot  water  wheel 38 

13.  Torbiiie  wheel  driving  centrifugal  pump 40 

14.  Pelton  water  wheel 41 

15.  Wheel  for  lifting  water  on  Chesapeake  and  Delaware  Canal 42 

16.  Hydraulic  ramming  engine 44 

17.  General  view  and  detail  of  siphon  elevator 53 

7 


LETTER  OF  TRANSMITTAL. 


Depabtment  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 

Washington,  July  9,  1896, 

Sra :  I  have  the  honor  to  transmit  herewith  a  paper  entitled  "Pump- 
ing water  for  irrigation ,"  by  Herbert  M.Wilson,  geographer,  and  to  recom- 
mend that  it  be  pablished  as  the  first  number  of  the  series  of  papers 
^^ia  relation  to  the  gauging  of  streams  and  to  the  methods  of  utilizing 
the  water  resources,"  whose  printing  was  authorized  in  the  act  making 
approi>riations  for  sundry  civil. expenses  of  the  Government  for  the 
fiscal  year  ending  June  30,  1897,  approved  June  11,  1896. 

Very  respectfully, 

F.  H.  Nevitell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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PREFACE. 


rriiiB  paper  by  Mr.  Wilson  is  the  first  of  a  proposed  series  of  pablica- 
^ons  relating  to  water  supply  and  irrigation.    The  object  in  view  in 
undertaking  a  new  series  is  to  afford  an  opportunity  for  prompt  publi- 
cation of  short  reports,  generally  popular  in  character,  relating  to  the 
water  resources  and  the  methods  of  utilizing  these,  with  especial  ref- 
erence to  the  employment  of  water  in  agriculture.    To  reply  to  ques- 
tions arising  in  various  parts  of  the  country  regarding  the  progress  of 
the  investigation  of  the  water  resources  and  the  facts  relating  to  the 
available  supply  of  water  for  irrigation,  power,  or  domestic  use,  it  is 
necessary  to  have  pamphlets  which  can  be  sent  out  freely,  and  which, 
^  order  to  answer  the  particular  needs  of  individuals  or  communities, 
^  not  be  too  general  in  character.    The  series  of  bulletins  issued  by 
tbe  Survey  would  serve  as  such  means  of  communication  were  it  not 
^or  the  fact  that  by  law  these  must  be  sold,  and  thus  can  not  be  used  for 
official  purposes  or  for  placing  the  information  acquired  by  investiga- 
tion at  once  in  the  hands  of  the  persons  seeking  to  know  the  facts.    By 
the  law  authorizing  this  new  series  it  is  possible  for  tbe  Survey  to  dis- 
Wbute  these  papers  to  correspondents  and  to  the  numerous  volunteer 
^^stants  who  at  one  time  or  another  have  kindly  aided  by  replying 
^  letters  of  inquiry  or  schedules  asking  for  specific  data.    Without 
such  opportunities  for  distribution  pf  small  publications  the  oflQcers  of 
the  Survey  are  placed  in  an  embarrassing  position,  from  the  fact  that 
they  are  compelled  to  ask  favors  in  tbe  way  of  statements  and  data  of 
^^ous  kinds  and  are  yet  unable  in  general  to  more  than  thank  the 
Persons  who  have  freely  given  their  time  to  tbe  preparation  of  letters 
^d  the  filling  out  of  blanks.    Even  when  these  persons  have  asked  for 
^  copy  of  the  publication  embodying  the  information  which  they  have 
^^rnished,  it  has  not  been  possible  for  a  bulletin  to  be  sent  unless  paid 
*^^  by  some  member  of  tbe  Survey. 

Arrangements  have  been  made  for  following  this  paper  with  others 
^^  short  intervals  treating  of  various  subjects  relating  to  tbe  hydrog- 
raphy of  the  country  and  to  details  such  as  storing,  pumping,  and 
other  processes  of  utilizing  tbe  waters.  Tbe  following  topics  will  prob- 
*^ly  be  covered  during  the  year:  Measurements  of  Western  streams; 
Measurements  of  Eastern  rivers;  Northeastern  water  power;  South- 
^tem  water  i)ower;  water  supply  of  portions  of  Indiana  and  Ohio; 

Artesian  conditions  of  eastern  Nebraska;  underground  water  supply  of 
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12  PREFACE. 

a  portion  of  western  Kansas;  recent  progress  in  artesian  developments 
and  irrigation  in  the  Dakotas;  artesian  conditions  of  eastern  Wash- 
ington and  portions  of  Idaho  and  Oregon;  irrigation  in  the  Salt  Biver 
Valley  of  Arizona;  methods  of  irrigation  in  California;  seepage  waters 
fipom  irrigation;  water  storage  in  a  portion  of  Wyoming;  well  waters  of 
Nebraska;  efficiency  of  windmills  for  irrigation;  sewage  irrigation,  etc. 

The  data  upon  which  these  and  other  papers  are  based  are  being 
obtained  largely  throagh  the  field  work  of  the  Division  of  Hydrog- 
raphy, supplemented  by  correspondence  carried  on  by  means  of  sched- 
ules. Whenever  practicable,  arrangements  are  made  with  experts  in 
various  parts  of  the  country  to  bring  together  the  facts  in  their  posses- 
sion, roundibg  these  out  with  additional  investigation  and  preparing 
reports  embodying  this  matter.  Every  effort  is  made,  however,  to 
preserve  the  distinctive  character  of  an  investigation  and  to  push  for- 
ward the  work  in  directions  where  it  is  impossible  for  the  individual 
to  proceed  unaided.  It  is  not  intended  to  bring  together  simply  a  lot 
of  obvious  facts  and  inferences  relating  to  the  water  resources  of  the 
country,  but  to  extend  the  bounds  of  knowledge  in  directions  where 
exact  information  will  have  the  greatest  future  value.  It  should  be 
recognized  that  progress  in  new  fields  can  never  be  so  rapid  as  trav- 
eling over  the  old  paths.  It  is  only  by  bringing  together  clearly  and 
concisely  what  is  already  known  and  building  upon  this  that  progress 
can  be  made  in  the  utilization  of  the  water  resources  of  the  country. 

In  the  following  paper  by  Mr.  Wilson  a  general  description  is  given 
of  pumps  and  motive  x>owers,  and  of  windmills,  water  wheels,  and 
various  kinds  of  engines,  noting  the  more  important  of  these.  The 
conditions  surrounding  the  raising  of  water  vary  so  widely  that  it 
is  obviously  impracticable  to  designate  any  one  method  as  better  than 
others,  and  a  machine  or  device  which  to  a  man  from  one  part  of  the 
country  seems  utterly  useless  may  meet  the  requirements  of  some  other 
locality.  Mr.  Wilson  has  therefore  described,  and  in  a  few  cases 
figured,  devices  which,  while  possessing  no  general  applicability,  yet 
contain  suggestive  features.  It  is  not  to  be  expected,  for  example,  that 
in  any  part  of  the  country  human  labor  will  be  employed  to  any  consid- 
erable extent  in  raising  water,  as  is  the  case  in  Egypt,  India,  and  other 
parts  of  the  world;  but  the  simplicity  of  the  methods  commend  them- 
selves, and  a  mention  of  these  may  serve  to  stimulate  some  inventive 
genius  to  make  a  practical  application  suitable  for  local  needs.  It  is 
surprising  to  note  how  often  the  devices  for  raising  water  which  in 
themselves  are  older  than  any  written  language  have  been  reinvented 
and  applied  by  the  irrigators  of  the  West.  Again  and  again  has  the 
attention  of  the  hydrographers  of  the  Survey  been  called  to  the  home- 
made devices  for  raising  water  based  upon  the  principle  of  the  Egyp- 
tian water  wheel,  or  noria,  or  of  the  Persian  bucket  pump.    These  have 
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been  devised  by  men  who  have  cousidered  the  idea  original  with  them- 
iselves,  and  could  with  difficolty  be  persuaded  that  their  pet  invention 
was  old  in  the  days  of  the  Pharaohs. 

In  a  new  and  rapidly  developing  country,  such  as  the  arid  region, 
where  methods  of  raising  water  for  agriculture  are  constantly  being 
modified  and  improved,  it  is  desirable  to  have  in  mind  all  of  the  ways 
which  have  been  found  of  value  in  the  past.  This  pamphlet  can  by  no 
means  mention  all  or  even  a  small  part  of  these,  being  considered  only 
as  preliminary  to  more  extended  discussions.  It  is  hoped  that  through 
the  investigations  of  the  Division  of  Hydrography  a  considerable  body 
of  accurate  figures  can  be  obtained  concerning  the  methods  and  machin- 
ery for  pumping  large  quantities  of  water  now  being  put  into  operation. 
It  may  be  interesting  to  note  in  this  connection  that  as  machinery  is 
being  modified  to  suit  the  requirements  of  lifting  a  large  amount  of 
water  through  a  relatively  small  vertical  distance,  and  at  the  least  prac- 
ticable expense,  there  is  a  tendency  to  return  to  the  simple  forms  used 
by  the  primitive  agriculturist,  adapting  these  to  modem  machinery. 
For  example,  after  trying  all  the  complications  of  valves  and  pistons, 
of  tight  joints  and  complicated  motions,  designers  of  machinery  are  in 
some  instances  turning  back  to  the  old  simple  Persian  wheel,  which 
lifU  water  in  buckets  with  the  minimum  of  friction  and  of  load  to  be 

raised. 
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PUMPING  WATER  FOR  IRRIGATION, 


By  Hebbebt  M.  Wilson. 


INTRODUCTORY. 

Until  within  the  last  decade  the  water  supplies  used  in  irrigation 
in  our  Western  States  were  brought  to  the  places  of  utilization  almost 
wholly  by  gravity.  There  are,  however,  large  volumes  of  water  situated 
at  sucb  low  levels  that  gravity  will  not  carry  it  to  the  fields,  and  only  in 
recent  years  have  we  come  to  a  realization  of  the  fact  that  this  water 
may  be  raised  by  pumps  or  other  lifting  devices  to  elevations  from 
whicb  it  will  flow  by  gravity  to  the  irrigable  lands. 

Extensive  areas  may  be  brought  under  cultivation  through  pumping 
after  the  supplies  which  gravity  alone  will  bring  have  been  entirely 
utilized.  Not  only  is  the  water  which  may  be  raised  from  wells  or  low- 
lying  streams  available,  but  that  which  finds  its  way  by  seepage  from 
irrigation  canals  and  irrigated  lands  may  be  gathered  into  wells  and 
pumped  to  the  surface  and  again  employed  in  irrigation.  For,  as  irri- 
gation is  practiced,  the  subsoil  becomes  saturated,  the  ground-water 
level  is  raised,  and  much  of  the  water*  delivered  to  the  surface  by 
i[i*avity  systems  finds  its  way  by  seepage  from  the  fields  into  the  soil 
and  may  through  pumping  be  used  again  in  irrigation,  thus  adding  to 
the  duties  of  the  ultimate  sources  of  water  supply. 

The  value  of  pumping  for  such  purposes  has  been  recognized  for  ages 
in  the  older  European  and  Asiatic  countries,  and  a  large  portion  of  the 
inrigation  in  Europe,  India,  Egypt,  China,  and  Japan  is  carried  on  by 
such  means.  In  Oriental  countries  pumping  is  performed  almost 
wholly  by  animal  or  man  power.  In  some  portions  of  Europe,  notably 
in  Italy,  some  pumping  is  done  by  modern  machinery,  chiefly  in  raising 
^ater  from  existing  low-level  to  high-level  canals.  In  our  own  country 
i^umerous  pumping  plants  actuated  by  wind,  gasoline,  water,  and  steam 
Powers  have  been  erected  within  the  last  few  years,  and  they  have 
Pit>ved  so  efficient  and  economic  as  to  at  once  gain  favor  with  Western 

• 

^J*rigators. 

The  real  value  of  pumping  as  a  means  of  irrigation,  and  the  extent 
^  which  it  may  be  employed,  are  as  yet  scarcely  appreciated.  A  great 
^any  windmills  and  some  water  wheels  are  utilized  in  our  Western 

15 


16  PUMPING   WATER   FOR  IRRIGATION.  [ho.l 

States  for  this  purpose,  and  a  little  pumping  is  done  by  steam  anc 
gasoline.  But  the  value  of  the  water  supplies  to  be  derived  fron 
lifting  is  sure  to  increase  greatly  as  the  cheapness  and  adaptability  oi 
this  method  come  to  be  fully  recognized.  It  is  now  a  well-established 
fact  that  pumping  occasionally  furnishes  irrigation  water  more  cheaply 
than  does  gravity,  both  as  regards  first  cost  of  the  pumping  plant 
equivalent  to  the  cost  of  water  rights,  and  as  regards  the  cost  o1 
maintenance  and  operation,  which  corresponds  to  the  annual  watei 
rental  or  rate  in  the  gravity  system.  In  pumping,  the  source  of  watei 
supply  is  more  directly  under  the  control  of  the  irrigator,  while  he  ifi 
troubled  by  none  of  the  vexatious  controversies  arising  from  questions 
of  priority  of  right  or  of  water  appropriation,  of  time  of  supply,  and 
of  rotation  in  the  ditches;  nor  is  he  so  likely  to  have  his  supply  cut 
down  in  seasons  of  drought. 

According  to  the  figures  given  by  F.  H.  Newell  in  the  report  on 
Agriculture  by  Irrigation,  prepared  for  the  United  States  census  o1 
1890,  the  average  first  cost  of  water  derived  from  gravity  supplies  foi 
the  whole  United  States  was  $8.15  per  acre,  varying  between  $3.62,  the 
average  for  Wyoming,  and  $12.95,  the  average  for  California.  The  aver 
age  annual  water  rental  was  $1.07  per  acre,  ranging  between  44  cents 
in  Wyoming  and  $1.60  in  California.  The  average  cost  per  second-foot 
of  water  on  account  of  construction  of  some  of  the  great  gravity  canalc 
of  the  West,  and  based  on  the  assumption  that  their  whole  supply  wac 
utilized,  varied  between  $125  for  the  Bear  Eiver  Canal,  Utah,  and  $73C 
for  the  Turlock  Canal,  California.  The  cost  per  acre  irrigated  for  the 
same  works  varied  between  $5  for  the  Bear  Eiver  Canal  and  $14.50  foi 
the  Turlock  Canal.  The  average  cost  per  acre  irrigated  by  some  of  the 
greater  of  the  storage  reservoirs  of  the  West  varied  between  $19.96 
for  the  Hemet  Valley  Eeservoir  in  California  and  $81.80  for  the  Sweet 
water  Eeservoir  in  California. 

On  the  other  hand,  numerous  windmill  pumping  plants  have  been 
erected  in  the  West,  the  first  cost  of  which  is  equivalent  to  a  charge  oi 
about  $20  per  acre  irrigated,  or  less,  while  the  cost  of  maintenance, 
equivalent  to  annual  water  rental,  is  practicaUy  nil.  Hydraulic  rams 
have  been  utilized  in  pumping  for  irrigation  at  a  cost  of  about  $10  pei 
acre  irrigated,  with  practically  no  charge  for  maintenance  and  oper- 
ation. Gasoline  pumping  engines  are  extensively  used  in  the  West, 
the  first  cost  of  which  has  been  equivalent  to  about  $30  per  acre 
irrigated,  with  a  cost  of  operation  of  $1.25  per  acre.  Water-power 
pumping  plants  have  been  erected  in  the  West  at  costs  ranging  from 
$1  to  $15  per  acre  irrigated,  and  with  operating  charges  varying 
between  $1  and  $2.50  per  acre.  Of  steam  pumping  plants  so  far 
erected  in  the  West  the  cost  has  ranged  from  $5  to  $10  per  acre  irri- 
gated, with  an  operating  charge  of  from  $1.50  to  $3  and  upward  per 
annum  per  acre  irrigated. 

As  an  indication  of  the  extent  to  which  pumping,  even  in  the  crudest 
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bnDSj  may  be  ntllized,  either  to  supplement  gravity  supplies  or  inde- 
pendently of  them,  it  may  be  stated  that  in  one  small  area  in  India, 
between  the  Granges  and  Jumna  canals,  there  are  over  350,000  wells 
supplying  water  by  lifting  to  1,500,000  acres  of  crops.    In  Madras, 
India,  2,000,000  acres  are  irrigated  by  wjiter  pumped  from  400,000  wells. 
In  one  small  province  in  southern  India  there  are  over  100,000  wells, 
many  of  which  have  been  sunk  through  hard  rock  to  depths  of  from  80 
to  do  feet  and  are  capable  of  irrigating  in  ordinary  seasons  from  1  to 
4  acres  each.    In  our  own  country,  on  the  great  plains  sloping  eastward 
from  the  Bockies  and  on  many  of  the  broader  intermontane  valleys 
and  in  the  great  California  valley,  wherever  the  wind  is  comparatively 
coustant  and  of  relatively  high  velocity,  vast  areas  of  land  may  be 
brought  under  cultivation  through  irrigation  by  water  lifted  from  wells 
bj  means  of  windmills.     In  like  manner,  streams  which  are  flowing 
between  steep  banks  may  not  only  furnish  water  supplies  for  irrigation 
by  means  of  pumping,  through  wind,  steam,  or  gasoline  x)ower,  but,  if 
of  sufficient  size,  may  furnish  water  power  for  lifting.    The  extent  to 
wtiich  water  supplies  are  to  be  derived  from  such  sources  is  ^^et  difficult 
to  estimate,  but  it  is  certainly  within  the  realm  of  probability  that 
eTentually  nearly  one-hidf  as  much  area  may  be  brought  under  culti- 
vadon  through  lift  as  through  gravity  supplies. 

PUMPS   AND   MOTIVE   POWERS. 

Pumps  are  machines  for  elevating  water,  .and  they  may  be  divided 
into  two  principal  parts:  the  pumping  or  water-elevating  device,  and 
the  power  by  which  this  is  operated.  Pumps,  as  such,  may  be  divided 
into  four  general  classes,  according  to  the  principle  on  which  they 
raise  water,  namely:  (1)  lift  pumps,  (2)  force  or  plunger  pumps,  (3) 
rotary  and  centrifugal  pumps;  (4)  mechanical  or  siphon  elevators. 
The  principle  of  lift  and  force  pumping  may  be  combined  in  one  mech- 
anism, and  this  may  be  either  reciprocating  or  rotary,  or  it  may  be 
single  or  double  acting. 

The  motive  power  may  be  derived  from  one  of  the  six  following 
sources,  namely:  animal,  wind,  water,  hot  air,  explosive  force  of  gas, 
and  steam.  Force,  lift,  and  centrifugal  pumps  and  mechanical  elevators 
may  be  operated  by  almost  any  one  of  the  various  motive  powers, 
distinguished  from  these  are  three  additional  classes  of  pumping 
mechanisms,  in  which  the  motive  power  and  the  pump  are  inseparable. 
These  are  (1)  injectors,  vacuum  pumps,  and  pulsometers,  in  which 
steam  is  the  motive  power;  (2)  hydraulic  rams  and  hydraulic  engines, 
in  which  water  is  the  motive  power;  and  (3)  siphons  and  siphon  eleva- 
tors, in  which  atmospheric  pressure  is  the  motive  power. 

Lift  pumps  operate  by  drawing  water  through  a  suction  pipe  as  the 
pomp  bucket  ascends;  as  the  bucket  descends  the  water  is  forced 
tlurough  a  valve  in  it,  and  is  then  lifted  as  it  reascends.  This  variety  of 
6296 2 
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pump  is  dependent  for  its  operation  on  atmospheric  pressure  for  t 
creation  of  a  partial  vacuum  below  the  pump  bucket. 

Force  pumps  draw  water  through  a  suction  pipe  as  do  lift  pumps,  b 
to  less  heights,  and  the  water  is  raised  above  the  bucket  by  the  acti< 
of  a  piston  or  plunger  which  forces  it  through  a  delivery  valve.  Fon 
pumps  may  be  single  or  double  acting,  and  nearly  all  steam  pumps  a 
of  the  latter  variety,  the  discharge  of  these  being  practically  conti 
uous,  for  as  the  water  is  drawn  in  at  one  end  it  is  forced  out  at  the  otlie 

Centrifugal  pumps  depend  for  their  action  on  a  disk  to  which  a: 
attached  propeller  blades  revolving  inside  a  chamber.  These  propelL 
blades  create  a  partial  vacuum  which  lifts  water,  though  but  a  few  fee 
into  the  chamber  by  suction,  whence  it  is  forced  by  the  following  pr 
peller  blade.  Rotary  pumps  are  practically  revolving  piston  pump 
differing  from  the  latter  chiefly  in  that  the  propelling  piece  moves  fc 
ward  continuously. 

Mechanical  water  elevators  include  not  only  the  various  patents 
devices  by  which  water  is  raised  by  means  of  disks  or  buckets  arrang* 
on  a  revolving  chain,  but  also  the  various  ancient  mechanisms  employe 
in  oriental  lands  for  lifting  water  from  wells.  Among  these  are  cha 
pumps,  Archimedean  screws,  the  tympanum,  Persian  wheel,  noria,  t 
latha  or  basket,  the  doon,  the  lat  or  paecottah  of  India,  which  is  t 
shadoof  of  Egypt,  the  mot,  and  numerous  other  curious  devices. 

All  the  motive  powers  except  wind  may  be  used  to  operate  any  of  t 
various  classes  of  pumps.  Ordinarily,  however,  animal  power  is  us 
to  operate  the  lighter  forms  of  pumping  machinery  which  are  intend 
to  elevate  small  quantities  of  water,  and  the  common  lift  and  for 
pumps  and  mechanical  elevators  of  various  kinds.  Wind  is  employe 
almost  exclusively  for  the  operation  of  lift  and  force  pumps,  as  it  is  U 
uncertain  in  its  action  to  work  well  with  ordinary  centrifugal  pumj 
or  many  forms  of  mechanical  elevators. 

The  various  motive  powers  may  be  divided  into  two  general  classe 
according  to  the  manner  in  which  they  are  attached  to  the  pump 
These  are  (1)  direct- acting  pumps;  (2)  fly-wheel  and  belting  pumps. 

Direct-acting  pumps  have,  as  a  rule,  no  rotary  motion,  their  actio 
being  reciprocating,  both  steam  and  water  cylinders  being  mounted  c 
a  solid  bed  plate,  so  that  the  piston  rod,  which  produces  the  power,  hi 
attached  to  it  the  plunger  which  elevates  the  water.  Fly-wheel  pumj 
may  be  direct-acting  pumps  or  they  may  have  the  motive  power  at  son 
distance  from  and  independent  of  the  elevating  pump  and  be  connect< 
therewith  through  shafting  or  belting  or  some  other  mechanical  devic 
The  latter  forms  are  usually  not  so  satisfactory  or  reliable  in  their  oper 
tion  where  used  for  irrigation,  as  they  generally  require  more  skilh 
attendance  than  do  direct-acting  pumps,  though,  on  the  other  han 
their  efficiency  is  often  higher. 

In  the  choice  of  pumping  machines  the  irrigator  should  considc 
among  other  things,  the  motive  power  which  is  most  available  ai 
cheapest  for  his  purposes,  and  the  quantity  and  accessiblity  of  his  wat 
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sopply.   Having  gotten  from  these  considerations  an  idea  of  the  general 
form  of  pumping  machine  which  will  best  suit  his  purposes,  he  will  do 
well  either  to  consult  a  mechanical  or  an  irrigation  engineer  or,  if  the 
extent  of  his  enterprise  will  not  warrant  this,  to  obtain  advice  from 
various  makers  of  the  form  of  pumping  machine  which  he  anticipates 
using.    These  persons  will  furnish  him  with  details  of  cost  and  assist 
him  to  select  the  variety  of  machine  best  suited  to  his  purpose,  and  he 
will  thus  be  able  to  choose  the  most  economic  and  efficient  apparatus. 
The  pump  and  motive  power  which  are  to  be  employed  in  each  par- 
ticular case  depend  on  the  service  to  be  performed  and  on  various  local 
modifying  conditions.    The  variety  of  pump  must  be  chosen  according 
as  greater  or  less  volumes  are  to  be  elevated  to  greater  or  less  heights. 
The  motive  power  must  be  selected  according  to  the  pump  chosen,  the 
work  to  be  done,  and  the  fuel  available,  be  this  animal,  air,  water,  gaso- 
line, wood,  or  coal.    Where  means  are  limited  and  the  area  to  be  irri- 
gated is  small,  the  motive  power  chosen  will  usually  be  either  animal  or 
water.    The  first  is  cheapest  of  installation,  but  least  economical,  and 
tbe  latter  is  next  cheapest,  providing  a  sufficient  water  supply  is  avail- 
able for  the  operation  of  an  ordinary  mid-current  undershot  wheel,  a 
Doria,  or  a  hydraulic  ram.    Where  the  area  is  small  but  the  means  at 
the  disposal  of  the  irrigator  are  less  limited,  animal  power  will  usually 
be  left  out  of  consideration,  and  the  choice  will  rest  between  wind, 
water,  hot  air,  gasoline,  and  steam  pumping  engines.    If  the  wind  be 
reasonably  steady  and  the  facilities  for  the  construction  of  a  storage 
tank  be  good,  wind  motors,  though  not  less  expensive  to  install  than 
some  others,  and  not  the  most  reliable,  are  least  expensive  and  trouble- 
some to  maintain  and  operate.    Where  water  is  abundant,  it  furnishes^ 
through  water  wheels,  turbines,  or  water  engines,  the  next  least  expen- 
sive power  to  maintain  and  operate,  though  not  the  cheapest  to  install. 
The  class  of  water  motor  selected  will  depend  wholly  upon  the  fall  and 
Tolame  of  motive  power  available  and  the  height  to  which  the  water  is 
to  be  raised.    Hot-air  and  gasoline  engines  furnish  the  most  reliable 
power  for  pumping  water,  and  are  less  difficult  to  operate  than  steam 
engines.    Gasoline  engines  are  especially  economical  where  coal  or 
wood  are  expensive,  though  hot-air  engines  have  a  wide  adaptability  in 
the  variety  of  fuel  which  they  may  utilize.    Steam  engines,  where  coal 
is  cheap,  famish  the  most  satisfactory  motive  power,  bat  are  generally 
Dot  so  economical  to  operate,  especially  where  small  areas  are  to  be  irri- 
gated.   For  the  pumping  of  large  volumes,  water  and  steam  are  the 
only  competing  motive  powers. 

The  irrigator  who  proposes  installing  a  pumping  plant  should  consider 

all  the  various  circumstances  which  affect  the  case  under  consideration. 

He  should  carefully  weigh  the  necessity  of  having  a  permanent  and 

tteady  supply,  the  inaccessibility  of  the  plant  for  repairs  or  replacement 

of  broken  parts,  the  relative  cost  and  accessibility  of  different  kinds  of 

W  or  of  water,  and  the  degree  of  intelligence  and  skill  possessed  by 

tiwie  who  are  to  operate  the  machine  employed. 
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AmoDg  the  oldest  aad  best  known  of  tbese  is  the  common  domestic 
irell  sweep,  'which  is  the  paecottah  of  India  (fig.  1)  and  the  shadoof  of 
£gypt.  Id  India  this  is  operated  by  from  one  to  two  men  who  labor 
from  six  to  eight  hoars  daily  and  hy  its  use  raise  from  1,00U  to  3,iKI0 


Vra.  1.— BatelDS  vUei  trma  well  in  lodU  by  pHoatUh, 


onbio  feet  per  day.  Thin  apparatas  is  usnally  employisd  for  but  smaU 
lifts  of  from  5  to  12  feet,  thongh  under  the  name  of  sbadoof  in  Egypt 
it  is  commonly  employed  for  much  greater  lifts  by  using  a  series  of  sev- 
eral sweeps  arranged  one  above  the  other,  as  illustrated  in  fig.  2.     By 
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tier  means  three  men  will  irrigate  from  2  to  4  acres  a  season, 
verage  cost  of  irrigation  by  this  means  has  been  estimated  in 
1  India  to  be  aboat  $5  per  acre  lrrigat;ed.  The  paecottah  consists 
[ally  of  a  leathern  or  earthen  bucket  hung  from  the  light  end  of 
which  is  pivoted  near  its  farther  extremity  and  oscillates  in  a 
a  plane,  the  short  end  of  the  pole  being  counterbalanced  by  a 
b,  so  that  the  bucket  when  full  requires  but  little  force  to  raise  it. 
an  working  this  contrivance  stands  on  the  edge  of  the  well  and 
is  weight  to  depress  the  bucket  into  the  water,  whence  it  is  raised 
f  by  the  force  of  the  counterweight  and  the  water  is  delivered 
small  ditch  which  leads  it  to  the  irrigable  Acids, 
ers  of  the  mechanical  devices  employed  in  India  for  utilizing  man 
to  lift  water  are  the  latha,  or  basket  (fig.  3),  and  the  doon  (iig.  4). 


FiQ.  2. — Series  of  shadoofs  as  used  in  Egypt. 

►rmer  is  used  for  very  small  lifts  of  from  2  to  4  feet,  and  is  operated 
inging  the  basket  backward  and  forward  in  such  manner  that  in 
ing  in  one  direction  it  dips  into  the  water  and  is  filled,  and  on  its 
i  to  the  farther  end  of  its  oscillation  it  is  skillfully  twisted  so  as  to 
the  water  into  a  ditch.  This  apparatus  is  always  operated  by  two 
Lud  is  estimated  to  be  capable  of  lifting  20,000  cubic  feet  of  water 
in  height  in  ten  hours,  and  the  cost  of  its  operation  in  India  is 
ated  to  average  $3  per  acre  irrigated,  though  this  figure  is  doubt- 
LOO  low.  The  doon  is  likewise  used  for  very  small  lifts,  and  con- 
of  an  oscillating  trough  *  pivoted  near  its  center,  so  that  one  end 
ternately  pressed  into  the  water  and  raised  above  the  level  of 

ery,  the  water  flowing  from  the  other  end  into  the  ditch.    The 

— * « 

» Irrigation  Works  in  India  and  Egypt,  by  Robert  Burton  Buckley,  1883, 348  pp. 
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weight  of  the  water  is  partly  balanced  by  a  counterpoise,  so  that  the 
man  who  stands  over  the  water  on  the  plank  can  depress  the  end  of 
the  doon  into  the  stream  by  his  foot,  and  then  by  stepping  upon  the 


FiO.  8.— Swlngiog  water  by  basket,  or  Utha. 

plank  he  can,  with  a  slight  exertion,  slope  the  trough  to  the  point  of 
delivery.  This  apparatus  is  quite  efficient  for  trifling  lifts,  and  is 
estimated  to  irrigate  1  acre  at  an  average  cost  of  $1.60,  Indian  wages. 


Fio.  4.— Using  the  doon,  or  tilting  trough. 


Of  the  mechanical  devices  used  for  lifting  water  by  means  of  anima. 
power,  the  more  prominent  are  the  mot  and  the  Persian  wheel.    Th 
mot  (fig.  5)  consists  of  a  rope  passing  over  a  pulley  and  extending  dow 
into  the  well,  and  to  the  end  of  this  is  attached  a  bucket  or  other  receg 
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.  This  is  raised  by  two  bullocks  walking  away  with  the  rope  down 
icline,  and  thus  drawing  the  backet  to  the  top  of  the  well,  where 
emptied  into  a  distributing  ditch.  These  animals  are  frequently 
3II  trained  that  after  reaching  the  bottom  of  their  walk  they  return 
ward  and  at  quite  a  rapid  rate  up  the  slope,  while  at  other  times 
are  trained  to  turn  around  and  walk  forward  up  the  slope,  again 
ng  as  they  reach  the  top.  The  mot  is  frequently  employed  in  lift- 
rater  from  depths  as  great  as  40  to  50  feet.  It  is  operated  by  one 
70  men,  according  to  the  mode  of  construction  of  the  water  bag. 
me  cases  this  has  to  be  emptied  by  one  man  standing  at  the  well 
while  another  drives  the  bullock;  in  other  cases  the  bag  is 
led  automatically  by  an  ingenious  attachment  of  the  rope  to  an 
ing  at  its  lower  end,  and  one  man  only  is  employed,  to  drive 
knimals.    With  the  mot  it  is  estimated  that  two  bullocks  work- 


Fia.  5. — ^Bullocks  lifting  water  by  bag.  or  root. 

ten  hours  a  day  will  irrigate  3}  acres  in  a  season  of  ninety  days, 
the  average  cost  of  irrigation  by  this  means  is  $3.50  per  acre 
ated. 

jrhaps  the  oldest,  and  certainly  the  most  extensively  used,  of  animal 
ve  powers  is  the  Persian  wheel,  which  is  employed  commonly 
ughout  India,  Asia  Minor,  and  Egypt.  This  consists  of  a  vertical 
el  (fig.  6)  to  the  outer  rim  of  which  are  attached  buckets  which  dip 
the  well,  or  over  it/S  rim  is  hung  a  rope  to  which  are  attached  the 
tets,  and  these  hang  below  the  lower  periphery  of  the  wheel  and 
into  the  well  below.  As  the  buckets  reach  the  upper  circumference 
be  wheel  they  spill  their  contents  into  a  trough  which  leads  the 
er  through  ditches  to  the  irrigable  fields.  With  the  Persian  wheel 
►  bullocks  will  lift  2,000  cubic  feet  of  water  per  day.  This  device  is 
uncommonly  employed  for  lifts  as  high  as  25  to  100  feet. 
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Recently  there  bavebeea  iiatented  in  tbisconntry  a  nnmberof  adap- 
tationBof  tbe  Persian  wbeel,  akillfnily  desifjrned  and  constructed  insncb 
manner  as  to  be  more  efficient  than  tbe  ancient  oriental  device.  One  . 
of  these  consists  of  large  metal  backets  hang  on  heavy  linked  chains 
which  revolve  over  tbe  vertical  wheel  and  dip  into  tbe  Bonrce  of  water 
snpply  beneath.  This  wheel  is  operated  by  iron-uogged  gearing,  turned 
by  sweeps  to  which  one  or  more  draft  itnimal.'i  are  attached  (fig.  7). 
These  wheels  have  capacities  varying  from  500  cubic  feet  per  hoar  for  one 
horse  to  2,000  cubic  feet  per  hour  for  four  horses  for  a  depth  of  20  feet, 
and  tl  e'r  first  cost  r  n^  s  between  $200  and  $500.  There  are  also  on 
tbe  ma  ket  th  ount  j  auumberof  mechanical  devices  for  utilizing 
a  mal  i  owe  I  u  aj  g  consisting  of  various  forms  of  sweeps  to  be 
ope  ated  b  horses  walk  ng  a  circle  or  hy  treadmills  for  utilizing 
horse  t    llo  k  or  si  ee]  i>owertbroagh  gearing  and  shafting.     Mosto£' 


these  are  simple  in  constrnction  and  operation  and  are  not  liable  to  get 
out  of  order.  They  furnish  motive  power  usually  for  lilting  water  by 
means  of  mechanical  elevators  or  force  or  centrifugal  pumps,  and  are, 
with  their  pumps,  capable  of  lifting  snSScient  water  with  a  two-horse 
device  to  irrigate  from  ^  to  5  acres  per  season,  while  this  amount 
could  he  at  leant  doubled  if  a  storage  tank  of  sufficient  (.'apacity  were 
provided  fur  retaining  water  during  i>eriods  when  not  wanted  for  imme- 
diate use. 

An  ingenious  device  for  lifting  water  by  man  iK>wer  is  tbe  double 
zigzag  balance  of  Asia  Minor  and  Kgypt.  This  contrivance  (flg.  8) 
consists  of  a  double  series  of  wooden  troughs  or  gutters,  the  extremi- 
ties of  which  are  fastened  and  rise  one  above  the  other  at  au  acute 
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angle.  At  the  janction  of  each  pair  of  troaglis  arc  placed  vooden 
vftlvea  to  prevent  Ihe  return  of  water.  This  balance  ia  saspeuded  at 
itB  upper  end  on  a  level  with  the  irrif^atinj;  ditch,  and  i»  ciiused  to 
oscillate  about  this  aa  a  center,  much  at  does  a  pendulum,  the  motion 
being  produced  by  a  couple  of  men  pulling  ou  ropes.  The  lower  ends 
of  the  troughs  dip  into  the  stream  from  which  the  water  is  to  be  lifted, 
uid  at  every  oscillation  each  series  of  troughs  empties  its  water  into 
that  immediately  above,  until  it  is  finally  lifted  to  the  summit  of  the 
balance,  whence  it  is  discharged  into  the  irrigatinf;  ditcb. 


Fin.  T.-U«leru  wUpUtiiiD  nt  Vfn 

WINDMILLS. 

Irn(,'ating  water  is  now  being  extensively  pumi>ed  by  windmills  in 
Tarious  i>ortions  of  the  West,  notably  in  the  San  Joaiiuin  Valley  of 
California,  in  Kansas,  I^ebraska,  and  the  Dakotas.  and  elsewhere  on 
ibe  Great  Plains  oast  of  the  Kocky  Mountains.  Until  recently  wind- 
mills have  been  most  extensively  employed  for  pumping  water  for 
domestic  use,  but  as  water  supplies  for  irrigation  have  become  scarcer, 
and  as  practical  farmers  have  come  to  appreciate  the  value  of  irrigation^ 
they  have  in  seeking  new  water  supplies  resorted  quite  extensively  to 
windmills  as  motive  powers  for  pumping  water.  The  chief  objection 
to  windmills  for  this  porjiose  is  that  they  are  dependent  iipon  the  force 
and  regularity  of  wind  for  their  operation,  and  as  a  result  they  do  not 
nrnish  as  steady  and  reliable  a  power  as  do  water,  steam,  and  other 
agents.  This  objection  is,  however,  not  serious  on  the  Great  Plains 
bftween  the  Kocky  Monntains  and  the  Mississippi  Itivcr,  especially  if 
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storage  reservoirs  are  employed  as  an  adjonct  to  tbe  mills,  for  in  that 
region  there  is,  thronghout  most  seasons,  a  snfflciently  steady  and  power- 
ful wind  to  keep  the  vrind  wheels  constantly  taming.  In  other  portions 
of  the  West  the  winda  are  less  certain  in  their  action,  and  may  fail  tbe 
&nner  at  tbe  very  time  when  he  is  most  in  need  of  a  water  snpply. 
Windmills  are  too  freqaentiy  employed  to  pump  water  for  irrigation 


Fia.  R.— Donlile  Hgng  bkli 


either  &om  tbe  ancertain  suppliefi  derived  from  drive  wells  or  withont 
the  aid  of  a  storage  tank  or  reservoir  in  which  to  retain  the  surplos 
pamped  at  snch  times  a»  it  is  not  utilized  in  irrigation.  As  a  result  the 
snpplies  which  they  famish  are  insufBcient  and  uiiRteady,  and  this  has 
led  to  their  coDdeinuatioa.     The  fault  in  such  cases  has  not  been  with 
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tiie  mill  but  with  the  user.    In  order  to  obtain  good  results  from  wind- 
luVUs  they  should  not  be  used  where  the  wind  is  uncertain  and  shifting, 
or  in  connection  with  a  poor  pump,  or  where  a  water  supply  equal  to 
their  fall  pumping  capacity  is  not  available;  and  they  should  invari- 
ably be  supplemented  by  an  ample  storage  reservoir. 

The  wind  may  blow  at  any  time  during  the  twenty-four  hours,  and 
is  no  more  likely  to  blow  in  the  daytime  than  at  night,  when  water  is 
not  used  in  irrigating  the  fields.  It  is  also  likely  to  be  as  active  at  sea- 
sons when  irrigation  is  not  in  progress  and  during  the  late  winter  and 
spring  months  as  when  water  is  being  run  upon  the  fields.  For  secur- 
ity, therefore,  and  in  order  to  irrigate  a  reasonable  area  from  a  pump  of 
given  capacity,  ample  storage  room  should  be  provided  for  the  water 
which  can  be  pumped  during  several  weeks.  This  storage  room  may 
be  obtained  by  using  one  of  the  various  forms  of  elevated  wooden 
tanks  supplied  by  windmill  makers;  or,  better,  if  the  windmill  can  be 
located  at  a  high  point  on  the  farm  an  artificial  reservoir  may  be  con- 
structed of  earth  at  this  point  and  be  suitably  lined  with  earth  puddle 
or  ^sphaltum.  It  should,  if  possible,  be  sheltered  from  the  sun  by  a 
roof,  so  as  to  decrease  losses  by  evaporation.  Such  a  storage  reservoir 
can  easily  be  given  sufficient  capacity  to  retain  a  much  larger  volume 
of  Water  than  can  economically  be  stored  in  a  wooden  tank. 

The  amount  of  work  which  a  windmill  will  perform  depends  on  the 
foi*ee  and  steadiness  of  the  wind,  the  size  of  the  wind  wheel,  its  design 
anil  construction,  and  its  location.  An  average  wind  velocity  of  not 
less  than  6  miles  per  hour  is  required  to  drive  a  windmill,  and,  on 
an  average,  winds  exceeding  this  velocity  are  to  be  had  during  eight 
hours  per  day;  hence,  about  two-thirds  of  the  total  wind  movement  is 
available  for  work.  According  to  reports  of  the  United  States  Weather 
Bureau,  the  average  wind  movement  of  the  entire  country  is  about  6,000 
miles  per  month,  or  over  8  miles  per  hour.  These  Averages  are  some- 
what exceeded  in  Dakota,  where  the  hourly  velocity  is  from  10  to  1^ 
miles,  as  it  is  in  Nebraska,  Kansas,  and  neighboring  States,  while  they 
are  too  great  for  some  other  portions  of  the  arid  West.  The  following 
table  gives  roughly  the  force  of  the  wind  for  ordinary  velocities: 

Table  I. —  Wind  velocity  and  power. 


MUes 

per 

hour. 

Velocity  in 
feet  per 
second. 

Preaanre 

per 

square  foot, 

in  pound B. 

.1 

.5 

1.1 

2.0 

3.1 

Miles 

per 

hour. 

Velocity  In 
feet  per 
second. 

Pressure 

per 

sqnare  foot, 

in  pounds. 

6 
10 
15 
20 
25 

8.8 
14.7 
22.0 
29.3 
36.7 

30 
35 
40 
45 
50 

• 

44.0 
51.3 
58.7 
66.0 
73.3 

4.4 

6.0 

7.9 

10.0 

12.3 
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Table  II,  which  is  derived  from  Mr.  A.  R.  Wolff's  treatise  on  the 
windmill,^  and  is  based  on  scattered  data  of  actual  performances, 
shows  the  capacity  of  a  windmill  having  various  diameters  of  wheels 
with  an  assumed  average  velocity  of  wind  of  16  miles  per  hour  and 
working  eight  hours  per  day. 

Table  II. — Capacity  of  windmill. 


Size  of 
wheel, 
in  feet- 

Revolutiofifl 
of  wheel. 

Gallons  of  water  raised. per 

minute  to 

an  <rlevation  of— 

Hor»e- 
po\*er  de- 
veloped. 

25  feet. 

50  feet. 

75  feet. 

100  feet. 

150  ft>et. 

200  feet. 

10 
12 

60  to  65 
55  to  60 

19.2 
33.9 

9.6 
17.9 

6.6 
11.8 

4.7 

8.5 

0.12 
.21 

5.7 

14 

50  to  55 

45.1 

22.6 

15.3 

11.2 

7.8 

5.0 

.28 

16 

45  to  50 

64.6 

31.6 

19.5 

16.1 

9.8 

8.0 

.41 

18 

40  to  45 

97.7 

52.2 

32.5 

24.4 

17.5 

12.2 

.61 

20 

35  to  40 

121.9 

63.7 

40.8 

31.2 

19.3 

15.9 

.78 

25 

30  to  35 

212.4 

107.0 

71.6 

49.7 

37.3 

26.7 

1.34 

According  to  Mr.  Wolff's  estimate,  the  cost  of  operating  a  windmill 
for  a  25-foot  lift,  including  interest  on  first  cost  and  charges  for  main- 
tenance, ranges  from  f  cent  per  hour  for  a  10-foot  wheel  to  2J  cents 
for  a  16-foot  wheel  and  4J  cents  for  a  25-foot  wheel.  From  an  inspec- 
tion of  the  foregoing,  it  is  evident  that  the  windmill  is  one  of  the  most 
economical  of  motive  powers.  Its  operation  calls  for  no  expense  for 
fuel  and  little  for  attendance  or  repairs.  In  comparison  with  it  the 
steam  engine  requires  large  expenditures  for  fuel,  repairs,  and  attend- 
ance, and  nearly  all  water  motors  call  for  heavy  outlay  in  providing 
and  maintaining  tkeir  water  supply  as  well  as  for  repairs  and  attend- 
ance. It  appears  that  on  the  average  the  economy  of  a  windmill  is  at 
least  one  and  one-half  times  that  of  a  steam  pump,  while  it  has  an 
additional  economy  over  the  latter  because  of  the  attendance  and 
repairs  demanded  by  the  steam  boiler. 

Extensive  experiments  with  a  view  to  obtaining  a  comparison  of  the 
efficiency  of  various  windmills  have  been  recently  made  by  Mr,  J.  A. 
Griffiths  in  Australia.  The  highest  net  efficiency  observed  in  Mr. 
Griffith s's  experiments  with  the  wiud  blowing  7  miles  per  hour  was 
25  per  cent.  Table  III  gives  the  results  of  his  experiments  for  the  five 
American-made  wind  wheels  tested.^ 


'The  Windmill  as  a  Prime  Mover,  by  AlfVed  R.  Wolff,  M.  E.,  John  Wiley  &  Sons,  New  York,  1890, 
161  pp. 

*  Windmills  for  raising  water,  John  Alfred  Griffiths:  Miuutea  of  Proceetlings  of  the  Institution  of 
Civil  Engineers,  Vol.  CXIX,  London,  18D5,  pp.  321-343. 
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While  designed  on  lines  somewhat  similar  to  those  of  a  water  wheel, 
B,  wind  wheel  differs  from  the  latter  in  that  it  is  wholly  immersed  in  a 
sea  of  air,  while  the  water  wheel  is  acted  upon  by  a  limited  current  of 
water;  therefore,  while  the  common  paddle  wheels  of  an  undershot 
water  wheel  develop  considerable  power,  as  one  side  only  is  immersed 
in  the  stream,  no  result  can  be  obtained  by  using  such  a  form  of  wind 
wheel  unless  one  side  of  the  wheel  be  screened  from  the  air.  This 
effect  is  obtained  in  a  crude  wheel  used  in  some  portions  of  the  West, 
and  known  variously  as  the  Wind  Rustler,  Jumbo,  or  Mogul  windmill 
(illustrated  on  PI.  I).  Such  a  contrivance  is  of  course  less  efficient  and 
less  reliable  than  the  regular  form  of  windmill,  because  it  is  placed  so 
near  the  ground  that  it  does  not  receive  the  full  force  of  the  wind. 
Moreover,  the  directing  of  the  mill  to  the  wind  is  not  under  the  control 
of  the  irrigator,  and  it  will  accordingly  operate  only  when  the  wind  is 
blowing  in  a  direction  nearly  at  right  angles  to  its  horizontal  axis. 
Such  a  contrivance  may  serve  as  a  makeshift  for  the  pioneer  who  does 
not  i)osses8  means  with  which  to  purchase  a  well-designed  wind  wheel, 
enabling  him  to  bring  under  cultivation  a  trifling  area  of  land,  and  to 
get  a  start  in  life.  A  number  of  Moguls  are  successfully  employed  in 
the  West  which  have  wheels  of  14  to  18  feet  diameter,  6  to  8  fans  of 
about  2  or  3  by  10  to  15  feet,  and  are  each  capable  of  pumping  suffi- 
cient water  to  irrigate  1  to  2  acres  with  a  25-foot  lift.  Such  a  con- 
trivance costs  from  $20  to  $100,  or  even  more,  according  to  the  amount 
of  hired  labor  employed  in  its  construction. 

The  well-known  forms  of  windmills  consist  of  arms,  cross  bars,  and 
clothing,  and  their  vanes  are  made  plane,  warped,  or  concave.  The 
older  type  of  cloth  or  canvas-sail  mill  is  common  in  Europe,  especially 
in  Holland,  and  has  generally  four  arms.  The  narrow  part  of  the  sail 
is  usually  covered  with  a  wind  board,  and  the  broader  with  wind  slats 
of  wood  or  with  sailcloth.  Modern  American  mills  differ  from  the  older 
European  type  in  that  they  are  chiefly  of  the  propeller  form,  and 
instead  of  a  small  number  of  sails  of  considerable  width  are  made  with 
a  great  number  of  blades  or  slats  of  small  width.  They  also  differ  in 
appearance  from  the  European  mill,  as  the  wheel  presents  a  closed  sur- 
face as  compared  with  the  large  open  spaces  between  the  arms  of  the 
European  sail  wheel.  As  a  result  of  this  mode  of  construction,  the 
American  mill  is  lighter  in  weight  as  well  as  in  appearance  than  the 
European  mill,  and  though  the  wide  angle  of  the  vane  is  not  so  advan- 
tageous as  in  the  sail  mill,  the  surface  presented  for  a  given  diameter 
is  sufficiently  greater  to  more  than  compensate. 

The  direction  of  the  wind  is  changeable,  and,  in  order  that  the  shaft 
on  which  the  wheel  revolves  may  be  properly  directed  toward  it,  its 
support  must  be  movable,  so  that  it  can  revolve  about  a  vertical  axis. 
This  revolution  is  effected  in  various  manners  in  the  old  European^ 
mills,  and,  according  to  the  method  employed,  they  may  be  divided 

>  The  Mechanics  of  EngiDeering  and  of  Machinery,  Weiabach  and  l>u  Bois,  Vol  II,  Hydraulica  and 
Pydraullc  Motors,  John  Wiley  &,  Sons,  1889. 
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into  tliree  classes:  the  post  mill  of  Germany,  the  tower  mill  of  Hol- 
land,  and  a  tj'pe  midway  between  these  two  (flg.  9),  being  like  a  tower 
mill  in  which  nearly  the  whole  mill  revolves,  as  in  a  post  mill,  uot 
merely  the  upper  i>ortion  alone,  as  tu  the  tower  mill  proper.  In  the 
p^stmill  the  entire  buildlDg,  wheel  and  all,  revolves  about  a  central 
fixed  column  or  post.    In  the  tower  mill  the  dome-shaped  cap,  which  is 


■.-Oldtjpaof  wtndmlll. 


the  only  movable  portion  of  the  mill,  rests  on  a  statiooary  tower  of 
wood  or  masonry.  The  wind  shaft  carrying  the  wheel  is  set  at  a  slight 
inclination  to  the  vertical.  This  shaft  transfers  its  power  by  means 
of  cogwheels  to  the  vertical  shaft  which  turns  the  mill  and  actuatos 
tJie  pamp.    The  wheel  is  turned  in  the  direction  of  the  wind  by  means 
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wbeel 


of  a  lever  or  hand  wheel  or  b;  means  of  a  liwge  vane  or  wind  v 
(fig.  10)  attached  to  a  secondary  axis. 

The  several  types  of  American  wiadmills  are  diatiuguisbed  by  the 
form  of  the  wbeel  and  the  mode  of  regulating  or  governing  its  position 
and  direction  so  as  to  obtain  a  uniform  power  and  rate  of  revolation 
ander  varying  wind  velocities.  These  mills  may  be  divided  into  two 
principal  classes,  namely :  (1)  sectional  wheels  with  centrifugal  governor 
and  independent  rudder,  and  (2)  solid  wheels  with  side-vane  gov- 
ernor and  independent  rodder.     In  addition  to  these  are  a  number 


of  special  types,  iuclnding  various  combinations  of  solid  and  sectional 
wheels  and  those  having  varying  arrangements  of  rudder.  Some  of 
these  special  types  are  rudderless,  the  wind  pressure  upon  the  wbeel 
being  relied  on  to  briflg  it  into  direction. 

In  selecting  a  windmill  to  perform  a  given  duty  the  irrigator  will  havt 
many  forms  from  which  to  choose,  and,  after  a  careful  perusal  of  cata- 
logues and  circulars  furnished  by  different  makers,  must  use  his  own 
discretion  in  choosing  that  which  seems  to  best  fit  bis  requirements. 
Below  are  enumerated  a  number  of  the  more  prominent  American  wind 
mills.     Xo  attempt  is  made  to  name  them  in  the  order  of  excellence. 
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Moreover,  no  attempt  is  made  to  present  a  complete  list,  many  forms 
of  mills  being  on  the  market  which  may  be  equally  as  good  as  those 
named. 

Of  side-vane  governor  mills  the  Corcoran  and  Eclipse  are  excellent 
examples.  Of  centrifugal  governor  mill  the  Halliday  and  Althoase  are 
good  examples,  the  latter  being  folding  and  rudderless.  The  Buchanan 
is  a  good  example  of  a  special  form  of  wheel  dependent  for  its  regula- 
tion on  the  tendency  of  the  wheel  to  go  in  the  direction  it  turns  as  the 
velocity  and  wind  pressure  increase.  The  Stover  mill  has  a  solid-sail 
wheel  with  vanes  so  regulated  that  it  may  be  reefed,  stopped,  or  other 
wise  controlled  to  go  slowly  in  heavy  winds.  The  Perkins  mill  has  a 
solid  wheel  with  metal  vanes,  and  an  automatic  rudder,  which  also  acts 
as  an  automatic  regulator.  This,  like  many  of  the  more  recent  Ameri- 
can mills  with  metal  vanes,  as  the  Aermotor,  Gem,  Crane,  and  Ideal,  is 
back-geared.  The  Aermotor  is  one  of  the  most  popular  of  this  class 
of  modern  American  windmill  with  steel  vanes.  The  Leffel  windmill 
lias  metal  vanes  made  on  a  helical  curve,  and  depends  for  regulation 
on  the  fact  that  the  center  line  of  the  wheel  shaft  stands  off  from  and 
parallel  to  the  plane  of  the  rudder. 

Others  of  the  modern  American  type  of  metal-vane  wheels  are  the 
Cyclone  and  Woodman^e.  The  Advance  is  of  the  automatic-regulating 
rodder  tyx>e,  and  has  both  steering  vane  and  governing  rudder.  The 
Carlyle  is  a  special  type,  having  a  rudder  arranged  to  reef  the  sailln 
stonns,  and  so  attached  by  an  adjustable  cam  as  to  cause  the  center  of 
gravity  of  the  rudder  to  rise  as  the  rudder  falls  toward  the  wheel. 

Drive  wells  should  not,  as  a  rule,  be  relied  on  to  supply  windmills, 
as  the  flow  of  water  from  such  wells  is  usually  limited,  because  of  the 
small  stratum  of  subsurface  water  from  which  they  derive  their  supply. 
The  well  should  be  of  ample  size  and  properly  lined.  It  is  not  infre- 
qnently  necessary  to  place  the  pump  down  in  the  well  if  the  depth  of  this 
below  the  surface  is  such  that  water  can  not  be  successfully  raised  by 
suction.  The  windmill  should  be  placed  directly  over  the  well  or  other 
Bonrce  of  supply,  and  on  a  wooden  or  iron  tower  or  scaffolding  suffi- 
ciently high  to  raise  the  wheel  20  to  30  feet  above  all  surrounding 
obstructions.  As  commonly  constructed,  this  tower  Is  supported  on 
four  inclined  pillars  which  straddle  the  well,  and  on  its  top  is  built  a 
platform  or  turntable  with  an  open  center  through  which  the  pump  rod 
descends  vertically  to  the  reciprocating  force  pump  in  the  well.  Wooden 
towers  of  this  form  are  built  ft'om  20  to  40  feet  in  height,  with  upright 
corner  posts  of  4  by  4  to  4  by  6  inch  timbers,  crossed-braced  with  1  or 
2  by  6  inch  planks.  The  corner  posts  are  usually  firmly  anchored  and 
doweled  into  foot  posts  buried  in  the  ground  and  made  of  8  by  8  inch 
timber.  Nailed  to  one  of  the  side  pieces  is  a  ladder  by  which  to  reach 
the  platform. 

Windmill  towers  are  now  often  built  of  anglie  steel  varying  in  size 
from  2^  to  4  inches,  according  to  the  size  of  the  wheel  and  height  of 

6296 3 


34  PUMPING   WATER  FOB  IRRIGATION.  IwxL 

the  tower.  These  are  in  form  more  graceful  than  the  wooden  towers, 
and  more  stable,  since  they  offer  less  resistance  to  the  wind,  and  if 
properly  proportioned  shonld  ontlast  wooden  structures  and  withstand 
heavier  gales.  In  the  illustration  (PL  II)  one  of  these  towers  is  shown 
supporting  a  tank  above  which  in  turn  is  the  windmill,  this  arrange- 
ment being  adapted  for  village  or  domestic  supply,  combined  with  irri- 
gation. In  order  to  secure  pressure  for  the  former  purpose  the  water 
is  pumped  by  the  windmill  into  the  vertical  pipe  leading  to  the  tank, 
but  at  the  times  when  it  is  used  for  irrigation  the  water  is  not  lifted  to 
this  elevation,  but  is  only  brought  to  a  short  distance  above  the  ground, 
being  allowed  to  flow  out  into  an  open  pond  or  reservoir  from  which  it 
can  be  drawn  to  the  fields. 

These  steel  towers  are  built  as  high  as  100  feet,  and  at  comparatively 
little  cost,  so  that  there  is  no  difficulty  in  raising  the  wind  wheel  well 
above  all  surrounding  obstructions.  A  recent  development  of  interest 
in  the  construction  of  such  towers  is  a  tilting  tower.  This  is  con- 
structed in  such  a  manner  that  the  upper  part  carrying  the  wheel  can 
be  tilted  or  brought  down  to  the  ground  in  a  few  moments  and  with 
little  exertion,  permitting  easy  adjustment  and  oiling.  Metal  towers 
are  usually  anchored  on  heavy  wooden  posts,  or  preferably  in  masonry, 
where  the  latter  is  easily  obtainable. 

In  erecting  either  wooden  or  steel  towers  care  should  be  taken  to  keep 
them  plumb  and  to  place  the  pump  rod  directly  over  the  pump.  Above 
the  platform  the  horizontal  crank  shaft  is  supported  in  bearings  on  the 
upper  movable  part  of  the  turntable  and  is  connected  with  the  pump 
by  a  swivel  joint,  in  order  to  permit  of  rotation  of  the  mill  top  in  mak- 
ing necessary  adjustments  of  the  sails  to  changing  directions  of  the 
wind.  An  overhanging  arm  of  the  crank  shaft  carries  the  wind  wheel. 
This,  in  some  forms  of  mill,  is  on  the  lee  side  of  the  tower,  in  which  case 
it  maintains  it>s  direction  perpendicular  to  the  wind  by  pulling  the  turn- 
table around,  and  is  rudderless.  In  other  forms  the  pressure  of  the 
wind  on  a  rudder  vane  of  sufficient  area  and  leverage  to  overbalance 
the  wind  keeps  it  nearly  perpendicular  to  the  direction  of  the  latter 
and  on  the  windward  side  of  the  tower.  Most  mills  have,  in  addition, 
a  controlling  or  regulating  gear  by  which  they  can  be  stopped  when  the 
reservoir  is  full  or  repairs  are  necessary,  and  to  prevent  damage  during 
gales.    This  gearing  may  be  either  automatic  or  operated  by  hand. 

There  are  many  varieties  of  force,  siphon,  and  patent  pumps  used  in 
lifting  water  by  wind  power.  It  is  impossible  to  say  which  of  these  is 
best  suited  for  general  service.  The  irrigator  will  do  well  to  leave  the 
selection  of  the  pump  required  for  his  particular  conditions  to  the  wind- 
mill maker,  for  every  manufacturer  of  windmills  is  prepared  to  supply 
any  of  the  standard  pumps  and  is  sure  to  suggest  that  type  and  size 
which  he  believes  will  best  meet  the  requirements,  that  it  may  make  the 
best  showing  for  his  mill. 

Windmills  average  in  cost  from  $50  to  $400,  according  to  size  and 
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make.  Storage  tanks  or  reservoirs  may  be  built  for  $100  and  upward. 
The  pump  worked  by  the  wind  wheel  should  be  of  the  best  make  and 
of  a  diameter  not  less  than  3  inches  and  thence  to  8  or  10  inches,  cer- 
tainly of  sufficient  capacity  to  handle  all  the  water  which  the  wind 
wheel  is  capable  of  lifting.  On  an  average  a  5-inch  pump  will  dis- 
charge 250  cubic  feet  an  hour,  a  6-inch  pump  about  380,  and  an  8-inch 
pump  650.  On  this  basis,  and  with  the  average  water  duty,  a  5  inch 
pump  will  therefore  irrigate  6  acres  if  running  constantly,  or  2  acres  if 
running  one-tbird  of  the  time.  The  average  windmill  will  irrigate  from 
1  to  3  acres.  If  it  is  supplemented  by  ample  storage  facilities  these 
figures  may  be  multiplied  by  3  or  4.  In  other  words,  it  will  irrigate 
from  3  to  10  acres.  There  are  windmills  of  sufficient  size  in  the  West, 
where  the  wind  is  amply  steady,  to  irrigate,  with  the  aid  of  storage 
tanks,  from  5  to  10  acres,  pumping  from  wells  30  to  150  feet  in  depth. 
Theoretically,  a  25-foot  windmill  working  eight  hours  a  day  for  one 
hundred  and  twenty  days  will  pump  40  acre-feet  to  an  elevation  of 
25  feet,  and  if  storage  capacity  for  half  this  volume  be  provided  it 
will  be  capable  of  irrigating  about  20  acres. 

An  excellent  example  of  a  windmill  pumping  plant  is  that  of  Mr. 
E.  E.  Frizell  at  Larned,  Kansas,  shown  on  PI.  III.  This  consists  of 
three  14-foot  steel  windmills  on  30foot  towers  and  discharging  into  a 
reservoir  130  feet  in  diameter,  with  banks  8  feet  high.  The  pumps  have 
10-inch  cylinders,  and  with  a  lift  of  25  feet  can  fill  the  reservoir  in  about 
two  days.  The  available  capacity  of  the  reservoir  is  nearly  2  acre- 
feet  (PI.  IV ),  and  in  a  season  the  plant  is  capable  of  irrigating  60  acres 
successfully.  When  the  reservoir  is  filled  a  sufficient  head  of  water  is 
available  to  enable  it  to  How  freely  over  any  part  of  the  irrigable  area 
and  in  sufficient  volume  to  thoroughly  soak  the  soil. 

WATER  WHEELS. 

Water  acts  as  a  motive  power  by  its  weight  or  by  its  impulse.  In 
the  former  case  it  fails  slowly  through  a  given  height,  and  in  the  latter 
it  passes  through  the  motor  with  a  constantly  increasing  velocity. 
Water  motors  may  be  divided  into  two  classes,  (1)  water  wheels  and 
(2)  water  engines,  each  of  which  may  be  subdivided  into  several 
classes.  Of  water  wheels  the  principal  varieties  are  (1)  undershot 
wheels,  (2)  breast  wheels,  (3)  overshot  wheels,  (4)  Pelton  wheels,  and 
(5)  turbines.  In  addition  there  are  water-pressure  engines,  rams, 
bucket  engines,  etc.,  but  most  of  these  are  antiquated  or  not  eco- 
nomical, and  it  is  therefore  hardly  necessary  to  describe  them  as 
machines  for  elevating  wateribr  use  in  irrigation.  Of  these  devices, 
however,  rams  are  very  economical  where  but  a  small  volume  is  to  be 
lifted. 

In  considering  the  subject  of  lifting  water  by  means  of  water  power, 
it  may  be  said,  as  of  other  water-lifting  machines,  that  the  duty  they 
have  to  perform  may  be  the  raising  either  of  a  large  volume  of  water 
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to  a  small  height  or  of  a  small  volume  to  a  large  height.  These  duties 
may  both  be  performed  with  a  water  power  derived  through  either  a 
large  volume  of  water  from  a  small  height  or  a  small  volume  of  water 
fi*om  a  great  height.  It  is  this  intimate  connection  between  volume 
and  head  of  power  and  resulting  work  which  calls  for  the  exercise  of 
discretion  on  the  part  of  the  irrigator  in  choosing  the  water  motor 
best  suited  to  his  special  requirements.  A  ram  is  nearly  always  called 
upon  to  utilize  a  large  volume  from  a  small  height  to  raise  a  small 
volume  to  a  great  height.  The  Pelton  water  wheel  generally  utilizes  a 
small  volume  from  a  great  height  to  elevate  varying  volumes  to  vary- 
ing heights.  Undershot  and  breast  wheels  utilize  large  volumes  from 
small  heights  to  elevate  moderate  volumes  to  small  heights. 

Of  undershot  water  wheels  there  are  practically  three  varieties — 
midstream  wheels,  the  common  undershot  wheel,  and  the  Poncelet 
wheel.  The  midstream  wheel  is  actuated  by  the  velocity  or  impulse  of 
a  current  of  water  in  the  middle  of  a  broad  stream  in  which  it  may  be 
set.  Such  wheels  are  rarely  employed,  but  when  they  are  it  is  almost 
exclusively  to  raise  water  for  irrigation.  They  are  simple  in  construc- 
tion and  operation,  and  may  be  advantageously  employed  where  water 
is  abundant,  even  in  streams  having  moderately  low  velocity.  Such 
wheels  produce  the  best  result  when  their  float  boards  or  paddles  are 
made  straight,  but  not  radial.  They  vary  from  12  to  25  feet  in  diameter, 
their  float  boards  varying  between  10  and  15  in  number,  2  of  which 
should  always  be  immersed  at  the  same  time.  These  project  from  24 
to  30  inches  from  the  wheel  rim,  dipping  into  the  water  about  one-half 
their  depth.  In  rivers,  the  water  levels  of  which  fluctuate,  the  axle  of 
the  wheel  is  placed  on  movable  supports,  as  shown  in  fig.  11,  to  render 
it  capable  of  being  raised  or  lowered  at  pleasure.  An  interesting  adap- 
tation of  the  midstream  wheel  for  lifting  water  for  irrigation  is  that 
illustrated  on  PI.  V,  which  represents  such  a  wheel  floating  in  the 
Colorado  Eiver,  and  by  means  of  gearing  and  an  endless  cable,  causing 
buckets  attached  to  an  endless  chain  to  lift  water  from  the  river  to  the 
irrigating  ditch  above,  a  height  of  about  25  feet. 

Numerous  midstream  wheels  have  been  employed  in  the  West  for 
pumping  irrigation  water.  They  are  almost  always  used  as  norias, 
having  attached  to  their  outer  rims  a  number  of  buckets  which  dip 
into  the  water  as  the  wheel  revolves,  and,  as  they  reach  the  upper  por- 
tion of  their  cycle,  spill  their  contents  into  a  trough  which  leads  into 
the  irrigation  ditch  (PI.  VI).  Such  wheels  are  of  very  ancient  origin, 
having  been  used  in  almost  every  country  in  the  world,  most  exten- 
sively, perhaps,  in  Egypt  and  Italy.  Some  very  large  wheels  bf  this 
variety  have  been  successfully  employed  on  the  Green  River  in  Colo- 
rado. The  diameters  of  these  wheels  are  from  20  to  30  feet;  they  are 
hung  on  wooden  axles  5  inches  in  diameter,  and  their  paddles  dip  2  feet 
into  the  stream.  The  buckets  attached  to  their  outer  circumferences 
are  of  wood,  having  an  air  hole  in  the  bottom  closed  by  a  suitable 
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leather  flap  valve.  These  buckets  are  6  feet  in  length  and  4  inches 
square,  and  have  a  capacity  of  two-Cliirds  of  a  cubic  foot  each.  The 
largest  of  them  raises  10  cubic  feet  per  revolution,  and  handles  in  all 
about  4,(K>0  cubic  feet  per  day,  or,  approximately,  one-tenth  of  an  acre- 
foot.  Ad  apparatuB  not  unlilie  the  noria  id  the  ancient  wheel  employed 
in  Egypt  and  known  as  the  tympanum  (PI.  VII).  This  wheel  i»  a  com- 
mon undershot  wheel  turned  by  paddles  dipping  into  a  flowing  stream, 
but  instead  of  lifting  water  in  bucbetm,  t)ie  water  enters  a  series  of 
spiral  gutters,  and  as  the  wheel  revolves  flows  through  these  until  it 
floatly  reaches  the  center  of  the  wheel  near  the  hub  and  passes  out  at 
thitt  point  into  the  irrigation  ditch.' 

Common  undershot  water  wheels  are  better  than  midstream  wheels 
where  a  fall  of  sufficient  height  to  give  a  good  velocity  can  be  obtained. 
These  are  placed  iu  a  channel  or  mill  race  of  about  the  width  of  the 
wheel,  but  a  little  wider  at  the  inlet  than  at  the  wheel.    The  paddles 


are  similar  to  those  of  midstream  wheels,  though  they  are  sometimes 
curved  and  of  iron  (fig.  11).  They  vary  iu  diameter  from  10  to  20  feet 
and  have  usually  from  30  to  40  paddles  of  fW>m  1  j  to  2^  feet  in  depth 
and  with  face  lengths  of  fi-om  2  to  6  feet.  In  the  illustration,  fig.  11,  a 
simple  form  of  undershot  wheel  is  shown,  diagram matically,  exhibiting 
a  common  method  by  which  the  wheel  can  be  raised  or  towered  to  suit 
the  fiuctaating  height  of  the  stream.  The  axle  of  the  paddle  wheel  (C) 
iseupported  at  about  the  middle  by  heavy  timbers  (D),  the  ends  of  which 
OD  the  dowustream  aide  are  itivoted  in  hoe  with  the  axle  of  the  wheel 
(M),  which  transmits  the  ixiwer.  The  upstream  ends'of  the  timbers  are 
liangonchainapa88inguverawindIa8S(E),  by  which  the  timbers  can  be 
lioJBted  or  lowered,  thus  adjusting  the  height  of  the  paddles.    Greater 

'A  kraof  wheel  simjlirto  tbl*.  curylDg  the  walcr  tbnmgb  oDTvsd  pipei  Instead  of  motangaUi 
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efficiency  can  be  obtained  from  undershot  wheels  if  t)ie  paddles  are  made 
concave  or  of  the  type  known  as  Poncelet.  These  latter  are  immersed 
nearly  to  the  height  of  their  axle,  the  water  being  partially  screened 
from  them  by  a  cnrved  breast-piece  or  apron,  so  that  the  current  im- 
pinges against  the  curved  blades  somewhat  in  the  manner  of  the  action 
in  a  turbine.^ 

Overshot  wheels  are  economical  in  their  use  of  water,  and  are  there- 
fore employed  where  it  is  scarce.    In  these  the  water  is  delivered  above 


Fio.  12.— Overshot  water  wheel. 


the  wheel  by  means  of  a  flume,  mill  race,  or  penstock,  and  they  are  so 
constructed  that  the  water  may  be  thrown  upon  either  the  near  or  the 
far  side  of  the  wheel,  according  to  the  arrangement  of  the  outlet  gates 
controlling  the  supply.  On  the  outer  circumference  of  the  wheel  is  a 
series  of  buckets  of  the  full  length  of  the  wheel  face.  Into  these  buckets 
the  water  pours,  and  by  its  weight  carries  the  wheel  down,  causing  it 
to  revolve  (fig.  12).    As  it  turns,  each  bucket  (D  D)  fills  in  passing  the 


>  The  Mechanics  of  Engineering  and  of  Machinery,  Weisbach  and  Dabois,  Vol.  2;  John  Wiley  &. 
8on0,  1^,  page  316. 
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inlet  orifice  (A)  and  empties  as  it  approaches  the  oatlet  channel,  so  that 
on  one  side  are  always  a  certain  namber  of  filled  backets.  Sach  wheels 
may  be  employed  to  atilize  falls  of  from  6  to  60  feet.  In  order  to  lose 
as  little  of  the  fall  height  as  possible,  the  bottom  of  the  wheel  should 
approach  close  to,  but  not  dip  into,  the  lower  water  surface.  The 
greater  the  width  of  the  faces  of  these  wheels  the  larger  volume  will 
their  buckets  hold,  and,  accordingly,  the  greater  power  will  they  exert. 
Overshot  wheels  may  be  employed  to  operate,  through  gearing  or  belt- 
ing, any  of  the  usual  forms  of  reciprocating,  centrifugal,  or  force  pumps, 
and  they  will  elevate  volumes  of  water  to  heights  proportional  to 
the  power  which  they  are  capable  of  developing.  The  largest,  and 
therefore,  perhaps,  the  most  interesting,  overshot  wheel  ever  constructed 
is  on  the  Isle  of  Man.  The  diameter  of  this  wheel  is  72  feet  and  6  inches, 
and  it  is  claimed  to  develop  150  horsepower,  which  is  transmitted  several 
hundred  feet  by  means  of  wooden  trussed  rods  to  a  series  of  pumps 
capable  of  raising  about  33  cubic  feet  of  water  per  minute  to  a  height 
of  1,200  feet. 

Turbines  are  horizontal  water  wheels  and  may  be  classified  according 
as  they  are  acted  upon — (1)  through  impulse,  (2)  through  pressure,  or 
(3)  through  reaction.  Impulse  wheels  have  plane  or  concave  vanes  or 
float  boards  on  which  the  water  strikes  more  or  less  perpendicularly. 
Pressure  wheels  have  curved  float  boards  along  which  the  water  glides. 
Reaction  wheels  are  actuated  by  an  arrangement  of  pipes  from  which 
water  issues  tangentially.  To  this  latter  class  belong  Pelton  and 
other  forms  of  tangential  wheels.  Pressure  and  reaction  wheels, 
though  similar  in  construction,  differ  in  that  in  the  former  the  passages 
between  the  vanes  are  not  completely  filled  with  water,  while  in  reac- 
tion wheels  the  water  fills  and  flows  through  the  whole  section  of  the 
discharge  pipe.  Turbine  wheels  are  again  subdivided  into  the  fol- 
lowing three  classes:  (1)  outward  flow,  (2)  inward  flow,  (3)  mixed  or 
parallel  flow,  the  latter  really  combining  the  first  two  classes.  Out- 
ward-flow turbines  receive  the  water  at  the  center  and  deliver  it 
at  the  periphery  of  the  revolving  wheel.  Inward  flow  turbines  act  in 
practically  the  reverse  manner  ft'om  that  of  outward-flow  wheels. 

Turbines  possess  an  advantage  over  the  older  types  of  wheels  in 
that  they  may  be  used  with  any  fall  of  water,  from  one  to  several  hun- 
dred feet.  They  have  many  other  advantages  over  such  water  wheels; 
they  may  be  regulated  according  to  the  power  required  and  the  water  sup. 
ply  available,  the  regulating  apparatus  being  such  that  the  efficiency 
remains  nearly  the  same,  whether  water  is  scarce  or  abundant.  Again, 
turbines  may  be  submerged,  while  other  forms  of  water  wheels  must  be 
elevated  above  the  tail- race.  The  turbine  takes  its  supply  at  the  bottom 
of  the  fall,  while  overshot  water  wheels  take  it  from  the  top  of  the  fall, 
thus  the  former  utilizes  practically  the  whole  height  of  fall.  Further- 
more, turbines  move  with  a  greater  velocity  than  vertical  water  wheels, 
and  hence  may  be  materially  reduced  in  size  and  weight  for  an  equal 
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prodaction  of  power.    Id  fig.  13  a  turbiue  ia  shown  geared  to  a  centrif- 
ugal pump,  aa  employed  iu  irrigation. 

There  are  a  iiiimber  of  successfnl  forms  or  types  of  turbine  water 
wheels  made  ia  this  coantry.  The  advautnges  of  each  of  these  are 
fully  described  in  the  trade  catalogues  of  tlio  various  makers,  and  mnch 
additioual  useful  iuformatiou  relative  to  them  can  be  obtained  by  the 
prospective  irrigator  through  corresitoudeuce  with  the  manufacturers. 
In  the  West  are  a  number  of  irrigation  pumping  plants  operated  by  tnr- 
binea,  Tlie  wheels  range  in  size  and  imwer  from  a  few  inches  in  diame- 
ter, operated  under  but  a  few  feet  of  head,  and  developing  a  fraction  of  a 
horsepower,  up  to  enormoiiH  engines  rivaling  those  recently  built  for  ntU- 
izing  the  fall  of  Niagara,  capable  of  producing  as  much  as  3,000  horse- 
power each,  and  operated  under  several  hundred  feet  of  head,  their 
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diameters  being  as  great  as  6  to  8  feet.  They  range  in  price,  hkewise, 
from  $100  to  several  tliousimd  dollars.  There  has  been  recently  erscted 
at  Prosser  Falls,  \Va»;hingt4)n,  a  turbine  power  and  pumping  plant 
capable,  it  is  estimsited,  of  irrigating  4,000  acres  besides  furnishing 
power  for  factories  and  other  purposes.  This  plant  pnmps  water  to  au 
elevation  of  100  feet,  with  a  power-producing  fall  of  20  feet  There 
are  two  turbines,  each  48  inches  in  diameter,  and  each  capable  of  devel- 
oping 1.S5  horsepower  under  a  12-foot  head.  Each  operates  a  duplex 
pumping  engine  of  35-incb  cylinder  and  24-incb  stroke,  each  having  a 
capa<^^ity  of  4,000  gallons  a  minute. 

Tangential  water  wheels  are  simpler  in  construction  than  turbines, 
less  liable  to  get  clogged  or  out  of  order,  and  they  may  be  worked 
under  much  greater  heights  of  fall  than  other  forms  of  water  wheels. 
They  derive  power  from  the  impulse  of  water  discharged  from  a  nozzle 
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at  backets  on  the  lover  Bide  of  the  wheel  (fig.  14).  They  do  not  work 
so  satisfactorily  as  tarbines  with  beads  lesa  than  30  feet,  thoagb  tbey 
prodnce  small  powers  with  great  efficiency  at  even  lower  heads.  Bat 
above  50  feet  and  np  to  3,000  feet  there  is  no  other  water  wheel  so  effi- 
cient as  the  tangential.  It  has  a  wide  range  of  adaptability  to  vaiying 
conditions  of  water  sapply  by  simply  changing  the  nozzle  tips.  As 
the  backets  are  open,  there  is  no  nncertainty  from  derangement  of 
parts  or  stoppage  by  driftwood.  They  are  relatively  cheap  of  instal- 
lation, and  admit,  by  varying  tbeir  diameters,  of  being  placed  directly 
on  the  crank  shaft  of  power  pomps  without  intermediate  gearing.  The 
Felton  is  the  most  commoD  form  of  tangential  wheel. 

Few  Peltou  wheels  have  yet  been  employed  in  pnmping  water  for 
irrigation,  bnt  as  they  become  better  appreciated  it  is  probable  that 
their  valne  in  utilizing  small  volumes  of  water  from  great  heights  will 
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render  tbem  more  popnlar.  Pelton  wheels  are  made  of  varying  sizes, 
from  those  capable  of  developing  a  fraction  of  a  horsepower  from  the 
water  sapply  of  a  boose  faocet  or  moontain  spring  to  the  largest  size. 
That  recently  coustmcted  for  the  North  Star  Mining  Company,  Grass 
Valley,  California,  operated  ubder  an  effective  head  of  750  feet,  is  18J 
feet  in  diameter  and  of  300  horsepower  capacity.  This  wheel  is 
mounted  on  a  bicycle-spoked  frame  having  a  10-inch  steel  shaft.  Its 
peripheral  speed  is  6,000  feet  a  minute,and  its  efficiency  ittaboot  90  per 
cent.  Another  Pelton  wheel  working  ooder  810  feet  head  is  bat  40 
inches  io  diameter  and  develops  600  horsepower. 

There  is  now  being  made  by  the  Austin  Manafactortng  Company,  of 
Chicago,  an  apparatus  called  the  Improved  Current  Motor,  the  object 
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of  which  is  to  develop  power  from  the  water  flowing  ia  a  large  stream 
something  in  the  manner  in  which  it  is  developed  by  the  ordinary  under- 
shot water  wheel.  This  apparatus  consists  of  a  narrow,  floating,  scow- 
shaped  pontoon,  a  sort  of  floating  platform,  about  100  feet  in  length  by 
11  feet  in  width.  The  upstream  end  of  this  is  pointed  like  the  prow  of 
a  boat,  that  it  may  part  the  current  of  the  stream.  This  float  is 
anchored  in  midchannel  and  carries  a  couple  of  endless  chains  running 
over  sprocket  wheels  5  feet  6  inches  in  diameter  hung  on  2-inch  shafts. 
These  sprocket  wheels  are  situated  at  each  end  of  the  pontoon,  and  the 
endless  chains  bear  between  them,  at  intervals  of  8  feet,  float  boards 
6  feet  10|  inches  in  length  by  3  feet  in  depth.  These  float  boards  are 
acted  upon  by  the  current,  which  carries  them  along  beneath  the  pon- 
toon, over  the  rear  sprocket  wheel,  whence  they  return  above  the  plat- 
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form  to  the  front  sprocket  wheel  and  again  pass  into  the  water.  The 
power  developed  by  this  motor  is  transmitted  by  belting  and  gearing 
to  an  ordinary  endless  chain  carrying  buckets  or  other  mechanical 
water  elevators  (see  p.  51)  which  lift  the  water  from  the  stream  into 
the  irrigating  canal. 

A  curious  and  at  the  same  time  interesting  form  of  water  wheel, 
which  is  not  a  water  motor,  but  is  used  to  lift  or  pump  water,  is  one 
which  is  employed  on  the  Chesapeake  and  Delaware  Canal  to  elevate 
water  from  a  lower  to  a  higher  level.  This  wheel  (fig.  15)  is  similar  in 
its  mode  of  operation  to  the  tympanum  of  Egypt,  shown  on  PI.  VIL 
It  is  39  feet  in  diameter,  10  feet  in  width  on  the  outside,  and  7^  feet 
on  the  inside.  Of  its  face  width  24  inches  is  occupied  by  two  bands 
or  rows  of  heavy  iron  cogs,  which  bind  the  outer  edges  of  the  wheeL 
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This  revolves  on  a  15-iiioh  iron  axle,  reduced  at  the  bearings  to  12} 
inches,  and  is  tamed  by  a  coaple  of  cogged  pinions,  each  4  feet  in  diam- 
eter, mounted  on  a  12-inch  crank  shaft.  These  pinions  gear  into  the 
cogged  bands  on  the  outer  edges  of  the  wheel.  The  shaft  bearing  the 
cogged  pinions  is  connected  directly,  through  cranks,  with  two  large 
low-pressure  condensing  beam  engines.  These  engines  have  each  7-foot 
stroke  and  36-inch  cylinders,  and  are  each  capable  of  developing  175 
horsepower,  or  a  total  of  350,  on  a  consumption  of  900  pounds  of 
coal  per  hour.  The  central  portion  of  the  wheel,  8  feet  in  width  on  the 
face  between  the  cogged  bands,  is  divided  into  twelve  openings,  each 
about  IS  inches  wide  at  the  mouth,  and  these  are  the  entrances  to  spi- 
rally curved  buckets  of  the  full  width  of  the  wheel,  which  enlarge  as 
they  approach  the  center  and  then  diminish  at  their  inner  or  discharge 
orifices  to  a  width  of  2  feet.  Surrounding  the  main  axle  is  a  conical 
wooden  hub,  from  8  to  11  feet  in  diameter,  so  designed  that  the  water 
falling  on  it  from  the  buckets  is  thrown  in  either  direction  and  empties 
into  two  canals,  one  leading  away  from  each  side  of  the  wheel,  dis- 
charging a  little  beyond  into  the  main  canal.  The  buckets  terminate 
within  4  feet  of  this  central  hub,  and  have  an  inside  depth  along  the 
diameter  of  the  wheel  of  12  feet.  As  the  wheel  revolves,  the  buckets 
fill  by  immersion  in  the  feeder  canal,  and  the  water  falls  out  at  the 
lower  end  of  these  buckets  onto  the  hub  and  thence  into  the  outtake 
canals.  The  lift  from  the  surface  of  the  feeder  canal  to  the  surface  of 
the  out-take  canal  is  14  feet.  The  wheel  makes  100  revolutions  per 
hour,  and  is  capable  of  lifting  300,000  cubic  feet  of  water  per  hour  to 
this  height.  This  is  equivalent  to  about  170  acre-feet  of  water  per  day 
of  twenty-four  hours,  or  about  83  second-feet  flowing  continuously. 
This,  on  a  consumption  of  about  10  tons  of  coal  for  twenty-four  hours 
at  $5  per  ton,  or  $50,  is  equivalent  for  fuel  alone  to  a  charge  of  about 
tl.30  per  acre-foot.  The  efficiency  of  this  machine  seems  to  be  rela- 
tively so  high  as  a  pumping  machine  for  low  lifts  and  large  volumes 
that  it  is  not  improbable  that  it  may  be  found  advantageous  to  employ 
some  such  apparatus  in  irrigation. 

Hydraulic  rams  may  be  utilized  where  there  is  a  trifling  fall  and  but 
a  small  amount  of  water  is  to  be  lifted.  They  work  on  the  principle 
of  a  large  volume  of  water  having  a  small  fall  forcing  by  impulse  blows 
a  smaller  volume  to  a  higher  elevation.  Water  is  delivered  to  the  ram 
from  a  reservoir  or  stream  with  steady  flow  through  the  supply  or  drive 
pipe.  At  the  end  of  this  is  a  check  valve,  opening  into  a  chamber  con- 
nected with  the  discharge  pipe.  As  the  water  passes  through  the  drive 
pipe  it  flows,  with  a  velocity  due  to  its  height  of  fall,  through  a  weighted 
pulse  or  clack  valve  which  opens  inward.  It  almost  instantly  closes 
this  valve,  and  at  the  moment  the  issue  of  water  ceases  a  ramming 
stroke  is  created  which  opens  the  delivery  valve  and  permits  the  water 
to  enter  the  air  vessel,  and  at  the  same  time,  because  of  its  velocity, 
the  water  flows  back  through  the  drive  pipe.  At  the  instant  the  back- 
ward flow  begins  the  delivery  valve  closes  and  the  pulse  valve  opens 
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to  allow  the  passage  of  the  water  from  the  supply  pipe,  and  the  opera- 
tiou  is  repeated.  In  general,  it  may  be  stated  that  a  hydranlic  ram  will 
elevate  one- seventh  of  the  sapply  volume  of  water  to  a  height  five  times 
the  tall,  or  one-fourteenth  part  to  ten  times  the  height  of  fall.  The  fall 
tibonid  range  from  2  to  10  feet,  but  not  more.  Hydraulic  ramsare  very 
cheap,  both  to  pnrchaae  aud  to  maintain,  and  are  unaffected  by  tail 
water,  as  they  will  vontinne  working  even  when  dooded.  It  may  l>e 
stated  that  in  placing  a  hydraulic  ram  tbe  length  of  drive  inpe  should 
be  increased  as  tbe  height  to  which  water  is  lifted  ia  increased,  so  that 
water  shall  not  be  forced  back  in  tbe  drive  pipe  as  the  pulse  valve 
closes.  The  length  of  the  drive  pipe  shonld  in  general  be  five  to  ten 
times  the  height  of  fall.  The  delivery  pipe  is  usually  from  one-third  to 
one-fourth  the  area  of  the  drive  pipe. 
Of  the  many  types  of  hydraulic  rams  in  the  market  but  few  are  of 
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sutBcieut  capacity  to  perform  tlie  amo  lut  of  work  requ  red  in  supplying 
irrigation  water.  Those  which  are  capable  of  i>erforming  this  work 
partake  chiefiy  of  the  nature  of  hydraulic  ramming  engines,  aud  are 
constructed  somewhat  differently  from  rams  proper.  They  may  be 
actuated  by  dirty  as  well  as  clear  water,  but  are  more  intricate  in  their 
construction  than  are  simple  rams.  One  of  the  most  effective  of  these 
engines  is  the  Rife  hydraulic  ramming  engine  (fig.  IC).  This  is  said  to 
be  capable  of  elevating  water  to  a  height  of  2.')  feet  for  every  foot  of 
fall,  and  to  deliver  one-third  of  the  water  used  in  operation  to  two  and 
one-half  times  the  height  of  foil,  or  one-sixth  of  the  water  to  five  times 
the  height  of  fall.  Only  the  largest  of  these  are  capable  of  elevating 
enough  water  for  irrigation.    Those  having  a  drive  pipe  8  inches  and  a 
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delivery  pipe  4  inches  in  diameter  are  capable  under  a  head  of  10  feet 
of  elevating  about  one-half  of  an  aorefoot  per  day  of  twenty-four 
hours  to  a  height  of  25  feet.  Such  a  machine  costs  $500,  or  at  the 
rate  of  about  $10  per  acre  irrigated. 

HOT-AIR  AND  GASOLINE  PUMPING  ENGINES. 

These  machines  have  been  extensively  used  in  the  East  for  pumping 
moderate  quantities  of  water  for  domestic  consumption  and  for  small 
factories  or  villages.  Lately  they  have  been  successfully  employed  in 
pumping  small  irrigation  supplies  in  the  West,  and  are  undoubtedly 
destined  soon  to  gain  popular  favor,  chiefly  because  of  their  sim- 
plicity, economy,  and  the  ease  with  which  they  can  be  stopped  and 
started  and  maintained  in  successful  operation  by  unskilled  labor. 
Hot-air  pumping  engines  do  not  depend  for  their  operation  on  power 
developed  by  the  expansion  of  steam  to  convert  heat  into  motion. 
Gasoline  engines  are  likewise  operated  without  converting  the  heat  into 
steam,  but  by  the  expansive  force  produced  by  the  explosion  of  vapor- 
ized gasoline  when  ignited  in  contact  with  air.  Both  of  these  types  of 
engines  are  made  only  to  develop  comparatively  small  powers,  and 
therefore  are  utilized  in  pumping  but  comparatively  small  volumes 
of  water,  usually  irrigating  from  5  to  50  acres.  These  engines  have 
decided  advantages  over  water  and  steam  motors  in  that  they  can  be 
employed  where  there  is  not  sufficient  water  supply  to  operate  a  water 
motor  and  because  of  the  kind  of  fuel  which  they  consume,  gasoline 
engines  being  serviceable  in  arid  regions  where  fuel  is  expensive  and 
difficult  to  obtain,  and  hot-air  engines  being  capable  of  utilizing  almost 
any  variety  of  fuel.  Moreover,  these  engines  are  small  and  compact, 
simple  of  erection  by  comparativ<ely  unskilled  labor,  and  may  be  oper- 
ated with  the  minimum  expense  for  supervision  and  with  little  skill  on 
the  part  of  the  operator. 

Hot-air  engines  are  constructed  almost  wholly  for  pumping  purposes, 
the  motive  ]>ower  and  pumping  apparatus  being  combined  in  one 
machine  inseparably  connected  in  one  frame.  They  are  so  simple  in 
operation  that  anyone  capable  of  lighting  a  match  may  run  them. 
There  is  no  possibility  of  explosion,  and  when  once  started  they  require 
no  forther  attention  than  for  replenishment  of  fuel.  They  are  made  in 
capacities  ranging  from  a  few  gallons  per  minute  to  one-tenth  of  a 
second-foot,  equivalent  to  two-tenths  of  an  acre- foot  per  day  of  twenty- 
four  hours,  limited  by  the  height  of  lift,  which  varies  from  a  few  feet  to 
500  feet.  The  chief  objection  to  hot-air  pumping  engines  is  their  great 
first  cost,  which  for  the  larger  size  is  $600,  or  $6,000  per  second-foot, 
equivalent  to  about  $100  per  acre  irrigated. 

Gasoline  engines  are  used  extensively  in  some  portions  of  the  West, 
notably  in  Kansas,  for  pumping  water  for  irrigation.    They  are  made 
of  various  dimensions,  up  to  those  capable  of  developing  50  horsex)ower 
I         and  pumping  a  correspondingly  large  volume  of  water,  and  they  are 
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constracted  as  combined  motive  and  pamping  plants  or  as  separate 
motors  to  be  attached  to  varying  forms  of  pumps.  The  chief  advantages 
which  these  machines  have  over  other  motive  powers  for  pamping  are 
their  compactness  and  simplicity  of  installation  and  operation,  and, 
above  all,  their  cheapness,  not  so  much  for  first  cost  as  for  ultimate 
maintenance,  though  in  this  latter  item  they  do  not  surpass  hot-air 
pumping  engines.  The  largest  of  these  engines  are  capable  of  elevating 
for  low  lifts  as  much  as  3  second- feet  of  water,  or  6  acre-feet  per  day  of 
twenty-four  hours,  and  lesser  quantities  to  greater  heights  in  pro]K>r- 
tion.  The  cost  of  operation  of  such  a  machine  as  this  has  been  asserted 
to  be  for  gasoline  as  low  as  $1.25  per  day,  or  20  cents  per  acre-foot.  It 
is  stated  tj^at  these  engines  will  pump  water  at  a  cost  of  about  1  cent 
per  hour;  and  working  ten  hours  a  day,  the  largest  size  will  elevate 
sufficient  water  to  a  height  of  20  feet  to  irrigate  about  320  acres  if 
storage  be  provided.  The  first  cost  of  the  plant  is  from  $400  to  $600 
for  engines  capable  of  irrigating  10  to  20  acres,  and  larger  plants  in 
proportion.  This  is  at  the  rate  of  about  $30  per  acre  without  storage 
and  the  cost  of  operation  is  about  $1.25  per  acre  irrigated. 

STEAM    PUMPING   ENGINES. 

Of  the  many  forms  of  motors  utilizing  steam  power,  the  following 
two  classes  cover  most  of  those  which  are  of  interest  to  irrigators: 
(1)  those  which  utilize  steam  power  by  indirect  transmission  to  the 
pump  through  gearing,  belting,  or  other  separable  connection;  (2) 
those  which  utilize  steam  power  through  an  engine  directly  coupled 
with  the  pump,  as  direct-acting  or  fiy-wheel  pumping  engines.  It  is 
not  desirable  to  refer  here  to  the  many  forms  of  steam  engines  and 
boilers  employed  in  developing  steam  power  for  actuating  plunger, 
centrifugal,  or  other  pumps.  They  are  innumerable  and  are  manufac- 
tured in  all  varieties,  forms,  and  sizes  and  at  all  prices.  The  irrigator 
must  determine  by  consultation  with  makers  of  steam  engines  and 
boilers  those  which  are  best  suited  to  the  work  which  he  has  to  per- 
form. On  the  other  hand,  direct-acting  engines,  being  inseparable 
from  their  pumps,  may  be  here  considered,  as  each  differs  not  only  in 
its  motive  power  but  in  its  pumping  mechanism. 

In  endeavoring  to  determine  the  power  required  of  a  pump  that  it 
may  elevate  a  given  volume  of  water  to  a  given  height  the  same  consid- 
erations must  be  dealt  with  as  in  transforming  power  developed  by 
windmills  or  water  motors  into  volumes  lifted  to  given  heights.  This 
may  be  roughly  stated  by  the  formula:  horsepower  required,  H.  P., 
equals  time  of  work  in  minutes,  ty  multiplied  by  volume  of  water  in 
cubic  feet,  r,  multiplied  by  weight  of  a  cubic  foot  of  water  (C2J^ 
pounds),  Wy  divided  by  33,000  pounds,  the  result  to  be  multiplied  by 
the  height  to  which  the  water  is  elevated  in  feet,  ^,  plus  the  resistance 
due  to  friction  in  pipes,  /. 

^' ^- "  33,000  ^'^^-^ 
The  frictional  resistance  to  flow  is  an  indefinite  quantity  which  may 
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be  most  easily  determined  by  reference  to  such  tables  as  Traatwine's  or 
others  giving  fractional  resistance  for  pipes  of  given  diameters  and 
lengths. 

Direct-acting  steam  pumping  engines  differ  from  other  steam  pumps 
in  that  the  motor  and  pump  are  combined  inseparably  in  one  mechan- 
ism, the  x>ower  which  performs  work  being  derived  from  an  ordinary 
steam  boiler,  not  through  an  engine  separately  geared  or  belted  to  the 
pump,  but  directly  from  pump  plungers  which  form  part  of  the  steam 
piston  or  connecting  rod.    Such  direct-acting  pumping  engines  may  be 
either  single  or  double  acting.    They  have  the  water  and  steam  ends 
centered  in  one  line,  so  that  the  water  plunger  and  steam  piston  are 
attached  to  the  same  piston  rod  and  work  together  without  an  inter- 
vening crank  or  other  connection.    This  is  the  simplest  and  most  com- 
pact form  of  steam  pumping  apparatus,  and  is  more  extensively  used 
for  pumping  than  all  other  varieties  of  pumping  machinery  combined, 
though  it  is,  perhaps,  one  of  the  most  wasteful  and  expensive  forms  of 
steam  engines.    It  is  undoubtedly  the  most  substantial  and  satisfactory 
form  of  steam  pumping  apparatus  for  lifts  exceeding  20  feet,  for  it  is 
less  liable  to  derangement  or  accident  and  better  fitted  to  perform  con- 
stant, hard  work  than  any  of  the  separable  steam  engines  and  pumps. 
Machines  of  this  class  are  manufactured  by  many  establishments,  and 
the  qualities  and  efficiencies  of  the  various  makes  are  well  established 
by  competition  and  experiment.    Steam  pumping  engines  are  similar 
in  nearly  all  the  various  makes,  differing  chiefly  in  details  of  valve 
motion.    Among  the  best  of  these  are  the  Knowles,  Blake,  Smith- 
Vaile,  Dean,  Cameron,  Worthington,  and  Davidson  valve  movements. 
In  selecting  steam  pumping  engines,  among  the  points  most  desirable 
are  strength  and  simplicity  of  working  parts,  large  water  valve  area, 
long  stroke  and  ample  wearing  surfaces,  continuity  of  flow,  simplicity  of 
adjustment  and  repair,  and  moderate  steam  consumption.    In  choosing 
from  the  various  makes  of  pumping  engines  it  is  well  in  correspond- 
ing with  their  makers  to  inform  them,  among  other  points,  of  the  pur- 
poses for  which  they  are  to  be  used,  height  of  lift  and  height  to  which 
water  is  to  be  forced,  quantity  of  water  to  be  elevated,  motive  power, 
and  quality  of  fluid,  as  clear  or  muddy. 

Direct  acting  steam  pumping  engines  may  be  either  high-pressure  or 
compound.  The  latter  are  economical  in  both  fuel  and  water  consump- 
tion, and  their  cost  for  operation  is  correspondingly  less,  though  their 
first  cost  is  a  little  greater.  The  best  form  of  direct-acting  are  the 
duplex  pumping  engines,  consisting  of  two  direct-acting  steam  pump- 
ing engines  of  equal  dimensions,  side  by  side  on  the  same  bedplate, 
with  a  valve  motion  so  designed  that  the  movement  of  the  steam  piston 
of  one  pump  shall  control  the  movement  of  the  slide  valve  of  its  oppo- 
site pump  so  as  to  allow  one  piston  to  proceed  to  the  end  of  the  stroke 
and  come  to  rest  while  the  other  piston  moves  forward  on  its  stroke. 
All  single-acting  pumps  should  be  provided    with  air  chambers. 
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These  are  often  an  improvement  even  to  doable-acting  pamps,  for 
tboagli  the  latter  have  a  fairly  steady  discharge,  the  air  chamber 
insures  almost  perfect  uniformity  of  delivery.  The  capacity  of  an  air 
chamber  for  a  pair  of  double-acting  pumps  is  about  five  or  six  times 
the  combined  capacities  of  the  water  cylinders,  while  for  a  single-acting 
pump  it  may  be  ten  or  twenty  times  greater.  The  air  chamber  performs 
practically  the  office  of  a  stand-pipe  attached  directly  to  the  pump.  It 
neutralizes  the  variations  of  velocity  of  discharge  in  the  delivery  pipes, 
the  fluctuations  of  which  might  cause  danger  of  ramming  and  wastage 
of  work.  The  air  chamber  obviates  this  by  permitting  the  excessive 
delivery  of  water  from  a  pump  stroke  to  enter  it  and  thus  compress 
the  air,  while  on  the  return  stroke  the  expansion  of  the  air  forces  out 
water  to  supply  the  deficiency. 

Several  extensive  steam  pumping  plants  have  been  employed  in  the 
West  for  providing  water  for  irrigation.  The  first  cost  is  usually  a 
little  greater  than  for  centrifogal  pumps,  though  not  always  so,  depend- 
ing upon  the  height  of  lift.  Their  efficiency  is  usually  quite  high  as 
compared  with  all  other  forms  of  pumping  plants,  and  their  mainte- 
nance cost  is  usually  less  than  that  for  centrifugal  pumps.  Their  oper- 
ation requires  skilled  labor,  as  does  that  of  centrifugal  pumps;  but 
they  are  less  liable  to  get  out  of  order,  and  any  injuries  sustained  can 
usually  be  readily  repaired. 

In  Arizona  is  a  high-pressure  pumping  engine  capable  of  irrigating 
100  acres  per  season  which  cost  when  erected  $1,000,  or  $10  per  acre 
irrigated,  while  the  cost  of  running  it  is  but  $5  per  acre.  A  larger  and 
more  modern  plant  operated  near  Tucson  consists  of  two  compound 
Smith- Yaile  pumping  engines,  capable,  it  is  claimed,  of  irrigating  600 
acres  per  season  at  a  cost  for  operation  of  $3  per  day,  the  first  cost  for 
this  plant  laid  down  having  been  $4,200,  and  the  height  of  lift  being 
70  feet.  Still  another  pumping  plant,  consisting  of  an  automatic  cut- 
off condensing  engine  with  two  150-horsepower  boilers,  has  been 
erected  on  the  Yuma  River.  The  pumping  engine  has  IS-inch  stroke 
and  42-inch  cylinders,  and  is  of  165-horsepower  capacity.  This  is  an 
Allis  pumping  engine,  having  a  fly  wheel  weighing  7  tons  and  making 
67  revolutions  per  minute,  the  capacity  of  the  pump  being  12  second- 
feet,  or  about  24  acre-feet  in  a  day  of  twenty-four  hours.  This  pump 
delivers  water  through  a  26-inch  redwood  stave  main,  elevating  the 
water  80  feet,  and  this  is  stored  in  a  reservoir  having  23  acre-feet 
capacity.  A  yearns  test  of  this  engine,  according  to  the  claims  of  the 
owners,  shows  it  to  be  capable  of  discharging  12  second-feet  at  a  cost 
of  $3  per  second-foot  for  fuel. 

There  has  recently  been  erected  at  Eureka,  Kansas,  a  pumping  plant 
for  the  irrigation  of  about  3,000  acres.  This  consists  of  two  horizontal 
return  tubular  boilers  and  two  compound,  duplex,  direct-acting  st^am 
pumping  engines  of  a  maximum  capacity  of  530,000  cubic  feet,  or  about 
12  acre-feet  per  day  of  twenty-four  hours,  equivalent  to  6  second-feet, 
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with  a  total  lift  of  65  feet.  The  cost  of  this  plant,  exclusive  of  the 
storage  reservoir,  was  about  $8,000,  while  the  cost  for  operation  is  esti- 
mated to  be  $1.60  per  acre,  assuming  that  the  full  area  is  covered. 

In  addition  to  the  better-known  forms  of  steam  pumping  engines, 
there  have  been  built  a  number  of  patented  types  of  pumps,  gotten 
up  with  the  special  view  of  lifting  large  volumes  of  water  to  small 
elevations  for  use  in  irrigating  or  in  draining  lauds.  Three  of  the  more 
notable  of  these  are  the  Huflfer  and  Nye  irrigating  pumps,  formerly 
made  in  Colorado,  and  the  Menge  irrigating  and  drainage  pump,  m^ide 
in  New  Orleans.  The  Nye  pump  is  a  curiously  compact  affair,  worked 
directly  from  a  steam  boiler  in  such  manner  as  to  utilize  atmospheric 
pressure  in  producing  power  through  condensation  of  steam.  It  re- 
quires little  steam  pressure  except  for  lifts  above  those  made  by  an 
atmosphere,  say  over  25  feet  at  sea  level.  It  consists  of  two  large 
cylinders  fastened  vertically  on  one  bed- plate.  Steam  is  let  into  one  of 
these  and  is  instantly  condensed  by  a  spray  of  water,  thus  creating  a 
vacuum  or  suction  power  nearly  equal  to  atmospheric  pressure,  and  the 
cylinder  is  filled  with  water.  As  one  cylinder  is  being  filled  the  other 
is  being  emptied,  and  at  the  same  time  receives  steam  for  a  similar  con- 
densation and  vacuum.  The  action  of  the  steam  valves  is  automatic, 
and  steam  enters  but  one  cylinder  at  a  time.  These  engines  have  no  pis- 
tons or  x^acking  to  wear  out  and  practically  no  loss  of  power  by  friction  j 
they  are  simple  in  construction  and  erection,  and  little  skill  is  required 
in  placing  or  in  operating  them.  They  are  made  of  varying  sizes,  the 
largest  being  capable  of  lifting  nearly  7  second-feet  of  water  to  an  ele- 
vation of  20  feet,  and  costing  about  $1,000,  equivalent  to  a  first  charge 
for  plant  of  about  $140  per  second-foot. 

The  Huflfer  pump  works  on  a  principle  similar  to  that  of  the  Nye 
pump,  but  while  the  latter  is  capable  of  forcing  water  to  a  height  of 
nearly  100  feet  by  direct  steam  pressure,  the  Huflfer  pump  is  merely  an 
atmospheric  lifting  pump,  capable  of  raising  water  only  to  such  height 
as  the  aid  of  atmospheric  pressure  will  permit.  The  largest  sizes  of 
this  x)ump  are  capable  of  lifting  about  the  same  volume  of  water  as  are 
the  Nye  pumps.  Neither  of  these  pumps  has  met  with  popular  favor, 
chiefly  because  they  are  not  economical  motors.  In  consequence,  their 
manufacture  has  been  discontinued. 

The  Menge  pump  has  been  most  extensively  employed  in  pumping 
water  from  swamp  lands  or  in  lifting  water  to  flood  cranberry  and  rice 
swamps.  Only  recently  have  any  of  them  been  used  for  irrigation,  and 
theu  only  for  low  lifts,  usually  between  5  and  10  feet.  Above  the  latter 
height  a  two-story  or  double  lift  may  be  employed,  but  is  not  quite  so 
economical.  For  the  lower  lifts  which  are  within  the  power  of  one 
pump  this  machine  is  considered  one  of  the  most  econonucal  made.  It 
is  a  combination  of  wood  and  metal,  and  is  operated  by  a  stationary 
eui^ine,  belted  to  a  pulley  on  a  vertical  shaft  set  in  an  upright  wooden 
box.  The  upright  box  has  two  suction  ports  at  the  lower  end,  midway 
between  which  is  the  water  wheel,  from  each  blade  of  which  is  a  free> 
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c<intinaous  delivery  of  water,  which  rises  in  the  vertical  box  to  the 
discharge  outlet.  These  wheels  are  made  in  various  sizes,  from  those 
which  are  but  4  by  8  inche-s  up  to  wheels  as  great  as  16  by  42  inches. 
The  largest  of  these  is  claimed  to  be  capable  ©f  lifting  about  70  second- 
ft»et  of  water,  equivalent  to  about  140  acre-feet  per  day,  to  a  height  of 
10  feet  on  an  expenditure  of  about  100  horsepower.  The  price  of  the 
Menge  pump  is  exceedingly  low,  about  $1,000  for  the  largest  size, 
equivalent  to  a  first  charge  for  plant  alone  of  approximately  $14  per 
stvondfoot,  plus  the  usual  cost  for  steam  boilers  caxiable  of  producing 
this  number  of  horsepower. 

CENTRIFUGAL  AND  ROTARY  PUMPS. 

For  lifting  large  volumes  of  water  to  moderate  heights  the  centrifugal 
pump  (fig*  ^^1 P'  ^^)  ^®  Hiost  economical  and  efQcient,  as  well  as  simplest 
in  construction  and  cheapest  in  first  cost  of  plant  and  erection.  It  is 
not,  however,  so  substantial  as  a  direct-acting  steam  pumping  engine, 
and  therefore  not  so  suitable  for  large  permanent  works  requiring  con- 
siderable lifts.  Where  circumstances  are  suited  to  its  employment  it 
is  one  of  the  best  pumps  for  irrigation.  It  is  adapted  to  raising  water 
heavily  charged  with  sediment.  In  construction  a  centrifugal  x)ump 
is  similar  to  an  outward-flow  turbine  driven  in  the  reverse  direction. 
Such  a  pump  can  not  be  put  in  action  until  it  is  filled  with  water,  an 
operation  which  is  effected  through  an  opening  in  its  outer  casing  when 
the  pump  is  below  water,  or  by  means  of  a  steam  jet  when  the  pump  is 
above  water.  The  efficiency  of  a  centrifugal  pump  diminishes  with  the 
lift,  and  for  lifts  exceeding  25  to  30  feet  a  force  or  plunger  pump  pro- 
duces better  results.  Centrifugal  pumps  are  usually  driven  by  water, 
steam,  or  gasoline  motors,  with  which  they  are  connected  by  belting 
or  shaft  and  gearing,  and  they  may  be  erected  independently  of  the 
motors  and  at  some  distance  from  them  (PI.  VIII).  They  are  also  made 
to  gear  directly  on  the  motor  shaft. 

Many  forms  of  centrifugal  pumps  are  now  in  the  market.  They  are 
of  varying  capacities,  from  those  having  2-inch  discharge  pipes  up  to 
those  having  24-inch  discharge  pipes,  the  largest  sizes  being  capable  of 
elevating  as  much  as  15  second-feet,  or  the  same  number  of  acre-feet  in 
a  day  of  twelve  hours.  Such  pumps  as  these  vary  in  cost  according  to 
circumstances,  but  the  larger  sizes  cost  for  plant  about  $100  per  second- 
foot  of  capacity  for  moderate  lifts,  while  for  15  second-foot  pumps  they 
require  engines  capable  of  developing  about  5  horsepower  jyer  foot  of 
lift. 

Among  the  more  notable  centrifugal  pumping  plants  for  irrigation  is 
one  for  the  Vermilion  Canal  Company  in  Louisiana,  consisting  of  six 
15-inch  pumps,  which  are  claimed  to  be  capable  of  discharging  130 
second-feet  of  water  against  a  head  of  20  feet,  and  are  operated  by  two 
engines,  each  of  250  horsepower.  Another  centrifugal  pump,  working 
on  a  farm  in  southern  Arizona  and  operated  by  a  10-horsepower  engine 
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and  boiler,  has  a  capacity  of  two-thirds  of  a  second-foot.  The  opera- 
tion of  this  plant  calls  for  the  consumption  of  about  1  cord  of  wood  per 
day  of  twenty-four  hours,  and  it  is  capable  of  irrigating  about  3  acres 
in  a  season.  A  similar  pump  in  the  same  locality  and  operated  by  a 
gasoline  engine  of  35  horsepower  will  handle  about  11^  acre-feet  in 
twenty- four  hours  on  a  consumption  of  about  .84  gallons  of  gasoline. 
Other  centrifugal  pumps  of  small  capacities  and  capable  of  watering 
5  to  10  acres  per  day,  and  in  the  course  of  an  irrigation  season  from  50 
to  100  acres,  are  operated  by  one  man  at  a  cost  of  about  $2.50  per  acre 
irrigated  for  maintenance  and  $15  per  acre  for  first  cost  of  plant. 

It  is  prox)osed  to  erect  an  extensive  centrifogal  pumping  plant  for 
the  Summit  Lake  Water  Company  in  California,  and  the  estimates  of 
the  engineers  for  a  plant  capable  of  irrigating  40,000  acres,  including 
distributing  canals  and  other  items,  is  $81,000,  the  cost  of  the  pumping 
plant  alone  being  estimated  at  about  75  cents  per  acre,  while  the  cost  for 
operation  of  and  interest  on  the  pumping  plant  during  an  irrigating 
season  is  estimated  to  be  about  $1  per  acre,  on  the  assumption  that 
the  depth  of  irrigation  will  be  1  foot  and  the  lift  20  feet.  These  figures 
are  considerably  below  those  of  most  gravity  systems. 

Botary  pumps,  while  theoretically  the  most  efficient,  are  practically 
capable  of  elevating  but  small  quantities  of  water,  and  have  been  found 
of  small  value  in  elevating  water  for  irrigation.  They  may  be  termed 
revolving-piston  pumps  in  distinction  from  direct-action  pumps,  and 
have  the  advantage  of  not  changing  the  direction  of  flow  of  water 
daring  its  elevation  by  each  stroke  of  the  pump.  They  can  be  run  at 
high  speed,  and  have  no  complicated  leather  valves  or  pistons  to  be 
choked  or  otherwise  get  out  of  order.  They  are  probably  most  useful 
in  lifting  silt-laden  water  or  heavy  fluids.  There  are  numerous  forms 
of  these  pumps  in  the  market.  A  large  machine  of  this  type,  made  by 
the  National  Pump  Company,  is  stated  to  be  capable  of  lifting  about 
5  acre-feet  of  water  in  twenty-four  hours  to  a  height  of  20  feet  on  an 
exx>enditure  of  about  5  horsepower,  and  to  a  height  of  100  feet  on 
an  expenditure  of  25  horsepower.  The  first  cost  of  this  machine  is 
$400,  or  about  $150  per  second-foot.  The  efficiency  of  rotary  pumps 
is  low,  there  being  an  excess  in  driving  i)ower  required  over  effective 
work  performed. 

MECHANICAL  AND  SIPHON  ELEVATORS. 

There  are  several  varieties  of  mechanical  water  elevators,  nearly  all 
of  which  act  on  the  principle  of  an  endless  chain  carrying  buckets. 
This  endless  chain  revolves  on  two  wheels,  one  at  the  upper  end  of  the 
lift  and  one  beneath  the  surface  of  the  supplying  well  or  stream.  As 
the  chain  revolves,  the  buckets  dip  into  the  water  and  become  filled, 
and  as  they  reach  the  upper  end  of  their  revolution  they  spill  their 
contents  into  a  trough  which  leads  it  to  the  irrijs^ating  ditches.  Two  of 
the  more  ^wpular  patented  varieties  of  mechanical  water  elevators  are 
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tlie  link-belt  box  water  elevator  and  the  Seaman  irrigating  pump. 
The  link-belt  box  elevator  consists  of  an  elongated  box  which  is  set 
up  in  an  inclined  |>08itiou  over  the  water  supply,  at  either  end  of  which 
is  a  wheel  of  peculiar  construction  carrying  on  its  periphery  a  metal 
link  belt  or  chain,  attached  to  which  at  short  intervals  are  wooden  pro- 
jections of  such  dimensions  as  to  fill  the  cross-section  of  the  box.  As 
the  chain  travels  forward  these  projections  are  raised,  carrying  with 
them  the  water  resting  upon  them  until  it  reaches  the  upper  end  of  the 
box,  where  it  is  discharged  into  the  irrigating  ditch.  TJiis  machine 
may  be  operated  by  animal,  steam,  or  water  power,  and  the  largest 
sizes  are  capable  of  lifting  about  5  second-feet  with  an  expenditure  of 
7  horsepower  for  a  10-foot  lift.  The  highest  practicable  lift  of  these 
machines  is  20  feet,  and  one  of  this  capacity  costs  $50  per  second-foot. 

The  Seaman  irrigating  pump  is  similar  to  the  apparatus  just  de- 
scribed, excepting  that  insteatl  of  a  series  of  wooden  flights  or  pro- 
jections lifting  water  in  a  closed  box  it  consists  of  a  number  of  large 
galvanized  iron  buckets  carried  by  the  chain  working  in  the  open,  the 
buckets  being  closed  on  all  sides,  with  the  exception  of  an  opening  on 
the  bottom  containing  a  ball  valve  retained  by  a  little  wire  ba.^ket. 
When  the  bucket  is  filled  the  ball  is  presse<l  down  in  the  basket  so 
as  to  close  the  opening,  and  as  the  bucket  reaches  the  upper  part  of 
its  revolution  the  ball  drops  in  the  basket,  permitting  the  water  to  fliow 
out  freely.  The  largest  of  these  contrivances  are  capable  of  lifting 
about  IJ  second-feet  on  an  expenditure  of  5  horsepower,  the  first  cost 
being  about  $250. 

There  is  manufactured  in  France,  by  Lemichel  et  Cie,  an  apparatus 
called  a  siphon  elevator,  which  is  claimed  to  attain  an  eflSciency  of  00 
per  cent.  It  consists  of  a  siphon  erected  at  a  fall  or  dam  in  a  river,  at 
a  reservoir  dam,  or  in  any  situation  where  the  lower  discharge  arm  can 
be  carried  below  the  suction  pipe  so  as  to  give  a  difference  of  elevation 
for  the  creation  of  siphon  action.  At  the  highest  point  of  the  siphon 
are  constructed  air  and  valve  chambers,  the  effect  of  which  is  to  relieve 
the  siphon  at  that  iK)int  of  part  of  the  water  passing  through  it,  only  a 
portion  passing  on  down  through  the  longer  arm  of  the  siphon  to  keep 
up  siphon  action.  It  is  this  contrivance  which  enables  water  to  be 
elevated  by  the  siphon  to  heights  as  great  as  nearly  30  feet  at  sea  level, 
instead  of  being  delivered,  as  by  common  siphons,  below  the  point  from 
which  it  is  derived. 

The  siphon  elevator  (fig.  17)  depends  for  its  efficiency  on  the  opera, 
tion  of  the  air  chamber  or  receiver  and  the  regulator,  which  are  placed 
at  the  upper  bend  of  the  siphon  pipe.  At  the  bottom  of  the  suction 
pipe  is  a  check  valve  whicli  allows  the  ingress  of  water  but  prevents 
its  escape.  At  the  bottom  of  the  lower  arm  of  the  siphon  is  a  stop- 
cock which,  when  open,  permits  the  escape  of  water,  so  that  when  it 
moves  a  vacuum  is  created  behind  it,  which  is  tilled  with  water,  as  in 
simple  siphons.     In  action  the  siphon  elevator  must  first  be  filled  with 
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water,  and  as  this  descends  in  the  lower  pipe  and  ascends  in  the  upper 
or  suction  pipe  it  passes  through  the  receiver  (a),  where  it  reaches  an 
open  check  valve  which  intermittently  cuts  off  its  flow  into  the  regula- 
tor (6).    The  water  forces  this  valve  (c)  forward  until  shut,  and,  its  exit 
being  thus  cut  off,  its  momentum  raises  a  puppet  valve  {d)  in  the 
receiver  held  down  by  a  spiral  spring.    Through  this  valve  the  water 
escapes  into  a  storage  tank  or  irrigating  ditch.    While  the  regulator 
is  being  partially  emptied  into  the  pipe  a  vacuum  is  caused,  which 
creates  a  depression  in  the  corrugated  heads  of  the  regulator,  as  in  an 
aneroid  barometer,  and  the  pressure  on  the  clack  valve  (c)  being  dimin- 
ished, it  is  thrown  open  by  a  weight  on  a  lever,  permitting  the  water 
to  fill  the  regulator  once  more  and  the  corrugated  heads  to  again  assume 
their  normal  position.    This  vibratory  motion  occupies  but  a  brief  time, 
as  many  as  150  to  400  such  pulsations  taking  place  per  minute,  so  that 
the  flow  of  water  is  nearly  continuous. 


Fio.  17. — General  view  and  detail  of  siphon  elevator. 


The  capacity  of  these  siphon  elevators  varies  according  to  their 
dimensions  and  the  height  to  which  they  elevate  the  water,  but  at  sea 
level  they  have  been  built  with  capacities  sufficiently  great  to  elevate 
8  acre-feet  in  twenty-four  hours.  This  is  a  very  large  quantity  when 
the  simplicity  of  construction  and  cheapness  of  first  cost  of  this  mech- 
anism— about  $1,200 — are  considered;  and  it  may  be  safely  stated  that 
if  further  exi)eriment  with  it  shows  it  to  be  as  effective  as  claimed 
in  the  past,  it  will  be  a  valuable  water-lifting  apparatus  where  only 
trifling  heights — say  10  to  15  feet — are  to  be  overcome  and  there  is  suf- 
ficient fall  and  surplus  water  to  permit  of  the  wastage  caused  by  the 
operation  of  the  siphon.  Batteries  of  two  or  three  of  these  siphon 
tJevators  have  been  erected,  one  above  the  other,  whereby,  with  addi- 
tional wastage  of  water  for  each  siphon,  heights  two  or  three  times 
those  to  be  effected  by  one  siphon  elevator  have  been  obtained. 
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STORAGE  RESERVOIRS. 

The  storage  reservoir  or  tank  employed  to  retain  water  which  has 
been  pumped  wheu  not  required  for  irrigation  should  be  situated  at 
the  highest  point  on  the  irrigable  land.  When  there  is  but  little  slope 
to  the  land  it  may  be  impracticable  to  build  an  earth  reservoir  at  a 
sufficient  elevation  to  obtain  a  good  head,  in  which  case  a  wooden  or 
metal  tank  should  be  used.  Such  tanks  can  be  gotten  from  any  of  the 
windmill  makers,  and  range  from  10  to  30  feet  in  diameter,  their  depths 
varying  between  3  and  20  feet  and  their  capacities  from  1,000  gallons 
upward.  These  tanks  (PI.  II,  p.  30),  when  constructed  of  wood,  are  made 
of  the  best  selected  clear  pine  and  are  bound  by  from  3  to  20  iron  hoops, 
depending  on  the  dimensions  of  the  tank.  Their  prices  range  from  $30 
to  $800  each. 

Where  artificial  reservoirs  can  be  constructed  on  the  land,  it  is  best, 
provided. suitable  material  for  rendering  them  impervious  can  be  found, 
to  build  them  up  by  constructing  about  theVeservoir  an  embankment 
rather  than  by  making  an  excavation  in  the  ground.  The  reason  for 
this  is  that  the  former  mode  of  construction  places  the  water  surface 
at  some  height  above  the  ground  level  and,  besides  making  a  larger 
volume  of  the  water  suf)ply  available,  gives  a  better  head  for  flowing- 
it  through  the  ditches.  The  most  economical  way  in  which  to  construct 
such  reservoirs  is  to  find  a  gully  or  depression  of  some  sort  in  one  of 
the  higher  portions  of  the  land  and  build  across  the  lower  end  of  this 
an  earth  embankment.  This  is  rarely  possible  on  the  level  plains, 
where  it  is  necessary  to  wholly  surround  the  basin  by  an  artificial 
embankment. 

For  the  latter  type  of  reservoir  the  best  shape  is  circular,  as  such  is 
more  easily  built  and  has  a  larger  capacity  for  the  same  amount  of 
material  moved  (PI.  IV,  p.  34).  The  ground  should  first  be  deeply 
plowed  and  stripped  of  the  surface  soil,  and  this  loose  material  be  used 
as  a  portion  of  the  outer  face  of  the  inclosing  embankment.  The  cross- 
section  of  the  latter  should  be  rather  flat,  its  slopes  depending  upon 
the  nature  of  the  soil.  Where  a  firm,  clayey  gravel  can  be  obtained, 
free  of  vegetable  mold  and  other  foreign  substances,  this  will  make  one 
of  the  most  impervious  embankments.  It  may  be  given  t  cross-section 
as  steep  as  about  1^  horizontal  to  1  vertical  on  the  inside,  and  about  2 
horizontal  to  1  vertical  on  the  outside,  with  a  top  width  of  not  less  than 
4  feet.  For  less  suitable  material,  as  more  sandy  soil,  or  that  contain- 
ing some  admixture  of  loam,  flatter  slopes  must  be  used,  reaching 
even  as  low  as  3  horizontal  to  1  vertical  inside,  and  3J  or  4  to  1  on  the 
outside.  In  every  case  such  an  embankment  should  be  built  up  in 
horizontal  layers,  well  and  deeply  bonded  with  the  subsurface  soil, 
these  layers  not  exceeding  6  inches  in  thickness  and  being  separately 
tramped  by  animals  or  rolled  by  heavy  rollers  as  laid.  If  there  is 
available  a  gravel  containing  sand  and  a  little  clay  matter,  the  embank- 
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ment  may  be  built  up  dry,  and  will  form  one  of  the  most  impervious 
structures  that  can  be  made.  With  less  firm  materials  a  puddle  wall 
should  be  built  up  through  the  center  of  the  bank  as  it  is  erected.  Such 
a  puddle  wall  should  consist  of  gravelly  clay,  moistened  as  it  is  laid, 
and  at  least  2  feet  in  thickness  for  low  embankments,  its  base  being 
firmly  and  deeply  bonded  with  the  subsoil.  The  top  of  the  embankment 
should  reach  at  least  2  feet  above  high- water  surface  (PI.  IX),  in  order 
to  prevent  its  being  overtopped  by  waves  during  high  winds,  and  the 
outer  slopes  should  be  sodded  to  protect  them  against  erosion  by  heavy 
rainfalls.  The  reservoir  should  not  be  too  large  for  the  pump  to  easily 
fill,  in  which  case  the  percentage  of  loss  from  evaporation  and  absorp- 
tion would  be  too  great.  It  should  be  as  deep  as  practicable,  for  the 
deeper  the  less  its  area  and  the  less  the  surface  exposed  to  evaporation 
and  absorption.  A  reservoir  100  feet  in  diameter  and  5  feet  deep  will 
lose  nearly  all  its  water  in  a  few  months,  whereas  one  50  feet  in  diameter 
and  10  feet  deep  will  lose  scarcely  25  per  cent  by  absorption  and 
evaporation  in  the  same  time. 

If  homogeneous  clayey  soil  underlies  the  bottom  of  the  reservoir  it 
will  be  unneeessary  to  provide  a  lining,  though  there  may  be  some  loss 
of  water  through  percolation  and  absorption.    If  such  a  surface  is  not 
available  for  the  bottom,  the  soil  should  be  removed  and  the  subsoil 
covered  with  a  layer  at  least  1  to  2  feet  in  thickness  of  clay  and  gravel, 
the  same  being  carefully  puddled  and  rolled  over  the  entire  surface  and 
up  the  inner  slope  of  the  embankment  so  as  to  make  a  firm  bond  with 
it.    Better  still,  if  means  permit,  is  it  to  line  the  inner  surface  of  the 
reservoir  bottom  and  slopes  with  asphaltum.    This  is  put  upon  the 
denuded  subsoil  much  as  is  the  asphaltum  used  in  paving  city  streets. 
One  of  the  best  admixtures  is  about  75  per  cent  of  La  Petra  asphalt, 
the  remainder  being  of  Las  Conchas  as  a  flux,  both  of  which  come  from 
Lower  California.    This  is  boiled  in  open  kettles  for  twelve  hours  at 
a  high  temperature,  frequently  stirred,  and  20  per  cent  of  it  by  weight 
is  mixed  with  80  per  cent  of  sand  previously  heated  to  the  same 
temperature.    This  should  be  put  on  with  a  thickness,  for  shallow  res- 
ervoirs, of  2^  inches,  spread  with  hot  rakes,  tamped  with  hot  tampers, 
and  held  in  place  on  the  slopes  by  anchor  spikes  of  sheet  iron  about  an 
inch  wide  and  driven  in  at  intervals  of  about  a  foot.    This  lining  should 
be  painted  over  with  a  bitumen  paint  or  Trinidad  asphaltum  fluxed  with 
residuum  oil  and  poured  on  hot  from  buckets.    Such  a  lining  laid  over 
a  well-leveled  and  well-rolled  surface  will  last  many  years,  will  be  imper- 
vious to  water,  and  as  it  will  cost  but  15  to  20  cents  per  square  foot,  will 
probably  more  than  pay  for  itself  in  a  short  time  in  the  saving  of  water. 
To  control  the  flow  of  water  from  the  storage  reservoir  a  discharge 
or  outlet  gate  should  be  firmly  built  into  the  banks  in  such  manner 
that  seepage  water  will  not  find  its  way  along  it  and  thus  erode  the 
reservoir  wall.    It  should  be  located  at  the  lowest  x>oint  of  the  reser- 
voir bed,  which  may  be  previously  graded  to  slope  toward  it.    Such 
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an  outlet  sluice  may  be  satisfactorily  constructed  of  wood  by  build- 
ing out  wing  walls  on  both  the  outer  and  the  inner  surfaces  of  the 
embankments  and  inclining  its  bottom  ends  downward  into  the  ground 
so  as  to  prevent  the  seepage  of  water  about  the  resulting  box-like 
cliannel  or  flume.  Additional  security  against  the  travel  of  seepage 
water  may  be  had  by  running  a  row  of  sheet  piling  tightly  connected 
with  the  box  flume  back  through  the  center  of  the  embankment  for 
some  distance.  In  this  box  flume  should  be  erected  a  small  lilting  gate 
which  can  be  raised  to  any  desired  extent  so  as  to  i)ermit  of  the  dis- 
charge of  such  volumes  as  may  be  required  in  irrigating  the  fields. 
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SiR:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  **  Irri- 
gation near  Phoenix,  Arizona,"  by  Arthur  P.  Davis,  hydrographer, 
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relation  to  the  gauging  of  streams  and  to  the  methods  of  utilizing  the 
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Very  respectfully, 

F.  H.  Newell, 
Hydrographer  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Sv/rvey, 


PREFACE. 


The  storage  of  flood  waters  on  a  large  scale  is  fast  coming  to  be  a 
matter  of  prime  importance  in  connection  with  the  development  of 
the  arid  portions  of  the  United  States.  The  irrigation  projects  which' 
involve  comparatively  small  expenditure,  or  which  can  readily  be 
handled  by  associated  effort,  have  already  been  entered  upon,  but 
there  still  remain  many  localities  where,  as  time  goes  on,  the  neces- 
sity for  water  conservation  becomes  more  and  more  pressing.  This 
is  especially  the  case  in  southern  Arizona,  in  the  Salt  and  Gila  valleys. 
Here,  under  the  genial  semitropic  conditions,  large  returns  are  ob- 
tained from  the  fertile  soil,  some  of  the  most  valuable  fruits  are  raised, 
and  crop  follows  crop  in  rapid  succession,  farming  operations  being 
continued  throughout  the  year. 

The  success  of  agriculture  has  been  such  that  a  considerable  num- 
ber of  large  irrigating  canals  have  been  built  and  lateral  ditehes 
extended  until  the  available  supply  during  low  water  has  been  practi- 
cally exhausted.  The  streams  of  this  country  are,  however,  extremely 
irregular  in  character,  fluctuating  at  times  with  great  rapidity,  floods 
coming  down  without  warning,  and  disappearing  in  the  course  of  a 
few  hours.  At  certain  seasons  of  the  year  high  waters  prevail  and 
mn  to  waste  to  the  Gulf,  or  disappear  by  evaiK)ration  and  percolation 
into  the  sandy  desert.  It  is  obvious  that  by  providing  suitable  stor- 
age works  the  area  of  land  to  be  irrigated  can  be  greatly  increased, 
the  limiting  conditions  being  practically  the  cost  of  storing  water 
relative  to  the  value  of  the  crops  produced. 

The  conditions  briefly  described  above  are  not  peculiar  to  the  vicin- 
ity of  Phoenix,  or  even  to  the  Territory  of  Arizona;  they  prevail  in 
greater  or  less  degree  throughout  the  more  arid  parts  of  the  United 
States,  for  in  nearly  every  portion  of  this  country  irrigation  has  been 
demonstrated  to  be  successful  and  largely  profitable.     Systems  of 
water  supply  have  been  built,  the  more  easily  available  waters  utilized, 
and  the  extension  of  irrigable  lands  now  rests  mainly  upon  the  con- 
servation  of  waste  waters.    It  is  for  this  reason  that  a  discussion  of 
the  conditions  near  Phoenix,  Arizona,  has  an  interest  not  only  to  the 
citizens  of  that  locaUty,  but  in  general  is  of  value  to  residents  in  otlier 
portions  of  the  West.     In  certain  respects  the  needs  for  water  are  more 
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pressing  in  southern  Arizona  than  elsewhere,  and  thus  the  probabilL^ 
ties  of  early  solution  of  some  of  the  problems  of  water  storage  are  her^ 
more  likely  to  be  settled  in  the  near  future.  For  this  reason  the  fol- 
lowing paper  by  Mr.  Davis  will  be  of  benefit  to  a  larger  circle  of  readers 
than  those  to  whom,  from  the  title,  it  may  appear  to  be  addressed. 

In  order  to  make  clear  all  of  the  surroundings,  Mr.  Davis  gives  a 
general  description  of  the  topographic  and  climatic  conditions  of  the 
Salt  and  Gila  valleys,  and  of  the  irrigation  works  already  constructed. 
He  also  mentions  the  legal  complications  which  have  arisen,  and  out- 
lines some  of  the  projects  now  being  constructed.     He  jwints  out  the 
great  natural  advantages  of  this  country,  and  shows  as  far  as  data 
can  be  procured  the  facts  relating  to  water  supply,  evaporation,  silting 
of  reservoirs,  and  other  factors  which  make  or  mar  projects  of  water 
conservation. 

At  first  sight  the  storage  of  water  appears  to  be  a  very  simple  mat- 
ter. In  popular  discussions  it  is  common  to  assume  that  the  only 
steps  necessary  are  to  place  rock  or  timber  obstructions  in  some  of 
the  many  canyons  or  narrow  places  along  the  course  of  the  river  in 
order  to  hold  back  the  water  of  floods,  and  later  allow  it  to  flow  down 
the  stream  as  necessity  requires.  On  carefully  examining  any  propo- 
sition of  this  kind,  many  obstacles  are  found  to  arise,  some  of  these 
natural — such  as  the  diflBculty  of  finding  a  proper  location,  the  expense 
of  laying  foundation,  and  the  liability  of  the  reservoir  to  fill  by  silt^ — 
and  others  artificial  or  legal,  such  as  interference  with  vested  rights, 
and  difficulties  of  securing  title  to  the  stored  water  after  it  has  left 
the  reservoir  and  is  on  the  way  to  the  land  to  be  covered. 

A  traveler  going  over  the  Territory  sees  here  and  there  almost  num- 
berless places  where  it  appears  probable  that  a  storage  dam  might  be 
built  holding  behind  it  considerable  water,  but  when  a  careful  survey 
has  been  made  it  is  usually  found  that  the  slope  of  the  stream  is  so 
great  that  if  a  dam  were  built  the  amount  of  water  held  behind  it 
would  be  relatively  too  small  to  repay  the  cost  of  construction. 
Should  it  be  found  that  there  is  ample  space  behind  the  selected  dam 
site,  further  investigation  may  reveal  the  fact  that  solid  rock  can  not 
be  found  at  moderate  depth  beneath  the  surface.  In  other  words,  the 
stream  has  washed  into  the  gorge  such  a  mass  of  loose  material  as  to 
fill  it  to  a  depth  of  20,  40,  or  even  60  feet  or  more.  To  remove  this, 
place  the  foundation  on  bed  rock,  and  then  rear  a  structure  to  the 
proper  height,  will  necessitate  the  expenditure  of  such  large  sums  as 
to  render  the  enterprise  impracticable.  This  is  a  very  common  con- 
dition within  the  arid  region,  where  the  drainage  lines,  dry  for  a  great 
part  of  the  year,  are  filled,  perhaps  for  a  few  days  or  even  a  few  hours 
only,  with  a  great  torrent  resulting  from  excessive  local  rainfall.  The 
water  discharged  down  the  steep  slopes  dislodges  not  only  the  accu- 
mulated sand  and  dust  which  has  been  blown  about  by  the  desert 
winds,  but  rolls  along  gravel  and  bowlders  into  the  channels.     Even 
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le  narro'w  gorges  through  which  these  sometimes  jwur  the  velocity 
le  water  is  not  sufficient,  except  perhaps  in  extraordinary  floods, 
3ar  out  the  loose  material  and  reach  bed  rock.  Thus  the  gravel 
bowlders  accumulate  during  the  lesser  floods  all  along  the  course 
lie  stream,  covering  the  dam  sites,  and  form  long  lines  of  barren 
h. 

ot  only  does  the  loose  material  transiwrted  by  the  floods  cover  the 
x)m  of  many  otherwise  feasible  dam  sites,  but  dex)osits  of  this  char- 
)T  constantly  imperil  and  shorten  the  life  of  all  storage  reservoirs. 
!  flood  waters  bear  this  along,  and  when  brought  to  rest  drop  the 
der  material  at  flrst  and  then  the  lighter,  retaining  only  the  finest 
bicles,  the  greater  part  of  which  in  time  may  settle  within  the  inter- 
es  of  the  coarser.  Thus  the  upi)er  ends  of  all  reservoirs  are  rap- 
'  filled  with  silt,  and  it  becomes  an  important  question  to  the 
jectors  of  storage  works  as  to  how  many  years  will  elapse  before 
value  of  the  reservoir  is  practically  destroyed  and  whether  its 
can  be  restored  in  part  by  subsequent  removal  of  some  of  this 
/erial. 

he  legal  obstacles  are  in  many  localities  no  less  vexatious  than 
56  offered  by  nature.  While  many  principles  have  been  settled  in 
ird  to  the  use  of  water  for  irrigation,  their  application  to  particu- 
cases  is  still  a  matter  of  doubt.  Even  in  the  case  of  persons 
erting  wat^r  from  perennial  streams  there  are  innumerable  con- 
rersies  whenever  a  shortage  occurs.  But  when  a  portion  or  all  of 
surplus  water  is  being  held  in  reservoirs  and  returned  perhaps  to 
same  stream,  to  be  again  recovered,  there  can  not  fail  to  be  still 
iter  complications  than  those  now  brought  to  the  attention  of  the 
rts.  The  primary  cause  of  most  of  the  contentions  which  arise  is 
lack  of  exact  knowledge  concerning  the  amounts  of  water  which 
flowing  in  the  streams  from  day  to  day  and  the  quantities  taken 
by  different  canals.  These  are  not  only  fluctuating,  but  the  mat- 
is  complicated  by  the  disappearance  of  water  by  evaporation  and 
reappearance  of  other  waters  in  the  natural  drainage  lines  by 
)age  from  canals  above,  or  from  the  slow  progress  of  water  coming 
finally  from  rainfall  and  flnding  its  way  gradually  toward  the 
est  points. 

iThen  one  has  noted  the  interminable  lawsuits  over  water  rights 
appreciated  the  fact  that  most  of  these  are  due  to  lack  of  precise 
»wledge  as  to  past  conditions,  it  apx>ears  almost  incredible  that 
iter  care  is  not  being  taken  to  ascertain  exactly  how  much  water  is 
ring  at  different  points  in  the  natural  streams,  especially  in  view  of 
fact  that  later  large  investments  are  to  be  made  in  storage  projects. 
8,  however,  a  lamentable  fact  that  very  little  attention  is  given  to 
J  matter,  mainly  perhaps  because  the  persons  investing  in  irriga- 
1  works  are  usually  from  humid  climates,  and  it  never  occurs 
)hem  that  rivers  do  not  always  have  water  to  spare  within  their 
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the  cost  of  construction,  rather  than  attempt  to  supply  water  to  lands 
already  under  ditch  and  partly  irrigated. 

Some  of  the  best  storage  projects,  however,  are  so  situated  that  the 
water  can  not  be  taken  readily  to  new  areas,  and  it  appears  prob- 
able that  these,  although  among  the  most  important  in  the  country, 
can  only  be  constructed  by  the  adoption  of  some  scheme  by  which  all 
of  the  lands  of  the  valley  benefited  directly  or  indirectly  will  be  forced 
to  contribute  an  amount  equal  to  the  benefits  derived.  This  is  jwssi- 
ble  only  under  some  system  similar  to  that  of  the  district  organization 
in  California,  where  all  of  the  lands  receiving  water  from  a  given 
source  are  assessed.  Here  it  is  not  necessary  to  consider  whether  the 
enterprise  will  be  money  making  in  itself.  Thus  it  is  possible  to  push 
forward  the  construction  of  beneficial  works  which  otherwise  never 

could  be  built. 

F.  H.  N. 
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IRRIGATION  NEAR  PHCENIX,  ARIZONA. 


By  Arthur  P.  Davis. 


TOPOGRAPHIC  FEATURES  OF  ARIZONA. 

The  Territory  of  Arizona  covers  approximately  113,000  square  miles, 
of  which  about  39,000  lie  below  the  altitude  of  3,000  feet,  about  27,000 
lie  between  the  contours  of  3,000  and  5,000  feet,  and  about  47,000  lie 
above  the  elevation  of  5,000  feet.  The  highest  point  in  the  Territory 
is  San  Francisco  Mountain,  in  the  northern  part,  which  reaches  an 
altitude  of  nearly  13,000  feet.  The  Territory  is  sharply  divided  into 
two  characteristic  portions  by  the  trend  across  it  of  the  main  axis  of 
the  great  Colorado  Plateau,  from  the  northwestern  corner  of  the  Terri- 
tory in  a  nearly  southeasterly  direction.  This  plateau  slopes  gently 
to  the  northward,  but  on  the  southwestern  side  breaks  off  suddenly 
throughont  most  of  its  course,  and  its  steep  slope  is  deeply  carved  by 
lines  of  erosion.  Almost  the  whole  of  that  portion  of  the  Territory 
which  is  below  an  elevation  of  3,000  feet  lies  to  the  southward  of  this 
escarpment. 

To  the  north  of  the  escarpment  the  temperature  ranges  from  that  of 
the  temperate  zone  to  that  where  snow  is  nearly  perpetual,  on  the 
summits  of  the  San  Francisco  and  White  mountains.  The  southern 
portion  of  the  Territory  is  characterized  by  temperatures  which  may 
be  designated  as  ranging  from  temperate,  along  the  foothills  of  the 
Colorado  Plateau,  to  semitropic,  in  the  lower  valley  of  the  Gila  and 
Colorado.  The  southern  portion  of  the  Territory  may  be  again  subdi- 
vided into  two  i)ortions,  that  draining  directly  into  the  Colorado  and 
King  to  the  westward  of  Prescott,  and  the  greater  portion  to  the  south 
and  east,  which  forms  the  great  Gila  river  system.  The  Colorado 
Plateau  is  partly  of  igneous  origin,  and  a  great  portion  of  it  is  some- 
what pervious  to  water.  Its  northern  slope  for  a  considerable  distance 
from  the  summit  is  very  gentle,  and  though  the  precipitation  is  greater 
than  in  most  portions  of  the  Territory,  it  is  very  meagerly  marked  by 
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drainage  lines  and  almost  destitute  of  water.  Sharply  contrasted  witi. 
these  facts  are  the  conditions  on  the  southern  slope.  Here,  throuj 
most  of  its  course,  the  plateau  drops  off  with  a  very  steep  slope,  whi< 
is  deeply  cut  with  drainage  lines  in  which  are  living  creeks  and  riv 
lets  of  clear,  beautiful  water,  such  as  San  Francisco  River,  Black  Cree 
Bonito  Creek,  White  River,  Carrizo  Creek,  Cibicu  Creek,  Box  Cre^ 
Cherr>'^  Creek,  Tonto  Creek,  Wild  Rye  Creek,  East  Verde  River,  Pi 
Creek,  Fossil  Creek,  Clear  Creek,  Beaver  Creek,  etc. 

The  region  of  high  altitude,  as  before  remarked,  lies  largely  nor-^.Ii 
of  the  divide,  while  the  great  bulk  of  the  water  flowing  from 
plateau,  as  proved  both  by  erosion  of  drainage  lines  and  by  the  \'' 
ume  of  permanent  streams,  flows  away  to  the  south.     The  expb 
tion  of  this  is  partly  the  porosity  of  the  strata  composing  the  plates^u^ 
which  allows  the  water  to  sink  instead  of  flowing  off  the  surface- 
Once  underground,  its  egress  to  the  south  is  favored  by  the  shorten" 
distance  which  it  must  percolate  on  a  given  grade  before  reaching  ^^ 
surface,  due  to  the  more  abrupt  slope. 

Another  partial  explanation  is  found  in  the  meteorological  condi-- 
tion.  The  moisture  of  this  region  is  brought  from  the  Pacific  Ocean 
and  the  Gulf  of  California  by  the  prevailing  southwest  wind.  As  this 
wind  ascends  the  elevations  toward  the  Colorado  Plateau,  its  temper- 
ature is  lowered,  which  reduces  its  capacity  for  holding  moisture  and 
increases  its  relative  humidity.  When  this  quantity  reaches  100  per 
cent  in  any  part,  precipitation  occura.  This  influence  continues  until 
the  wind  passes  the  summit,  where  the  process  is  reversed. 

As  might  be  expected,  therefore,  the  hydrographic  resources  of  the 
country  immediately  southwest  of  the  Colorado  Plateau  are  dispro- 
portionately great  when  compared  with  those  to  the  northward.  For 
instance,  the  precipitation  at  Fort  Apache,  as  shown  by  a  mean  of 
twenty  years'  observations,  is  19.75  inches,  the  elevation  being  5,050 
feet,  while  the  precipitation  at  Holbrook,  at  an  elevation  of  5,047  feet, 
on  the  northern  slope,  is  8.47  inches,  as  indicated  by  the  mean  of  ten 
years'  observations.  This  is  an  important  fact,  especially  when  taken 
in  connection  with  the  fact  that  the  great  areas  of  valley  land  with  a 
seraitropic  climate  lie  in  the  southwestern  portion  of  the  Territory,  and 
are  easily  covered  by  the  streams  which  are  formed  by  the  conditions 
above  described,  and  which  constitute  the  main  features  of  the  great 
Gila  river  system. 

GILA   BASIN. 

The  drainage  area  of  Gila  River,  including  a  number  of  small  lost 
basins  which  are  topographically  tributary  but  which  seldom  or  never 
furnish  any  run-off  to  the  main  stream,  is  about  72,000  square  miles, 
of  which  nearly  57,000  lie  in  the  Territory  of  Arizona,  about  14,000 
in  New  Mexico,  and  something  over  1,000  in  Mexico.     The  areas  in 
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the  United  States  are  distributed,  with  respeet  to  elevation,  appros 
mately  as  follows: 

Distribution  of  area  of  Gila  Basin  by  altitude. 


r  • 

r 


Elevation. 


Under  1,000  feet 

Between  1,000  and  2,000  feet . . . 
Between  2,000  and  3,000  feet . . . 
Between  8,000  and  4,000  feet . . . 
Between  4,000  and  5,000  feet . . . 
Between  5,000  and  6,000  feet . . . 
Between  6,000  and  7,000  feet  .. . 
Over  7,000  feet 

'  Total 


Per  cent 

of  area 

of  basin. 

Area, 
square 
miles. 

9 

6,400 

19 

13, 500 

16 

11,400 

14 

10,000 

15 

10,700 

12 

8,500 

8 

5,600 

t 

4,900 

100  '     71,000 


Gila  Basin  is  conveniently  divided  into  four  parts.  Of  these,  tl 
most  northerly  is  Salt  River  Basin,  which  includes  all  the  territoi 
tributary  to  Salt  River.  This  again  is  sharply  divided  into  its  valh 
and  mountain  portions.  Salt  River  Valley  (see  map,  PI.  XXX)  may  1 
taken  as  including  all  the  territory  adjacent  to  Salt  River  from  its  moui 
^P  to  the  junction  of  the  Rio  Verde.  Above  that  point  the  great 
portion  of  the  basin  is  mountainous,  with  small  valleys  on  the  R 
^erde,  in  Tonto  Basin,  and  at  a  few  points  on  Salt  River  and  oth< 
tributaries.  The  Lower  Gila  district  may  be  taken  as  the  portic 
lying  below  the  mouth  of  Salt  River;  the  Middle  Gila  district,  th; 
portion  from  the  mouth  of  Salt  River  to  The  Buttes  above  Floren< 
and  including  the  Pima  Indian  Reservation  and  the  great  Casa  Granc 
Galley.  The  Upper  Gila  district  includes  the  valley  in  the  region  < 
^amp  Thomas  and  Soloraonsville  and  the  tributary  mountainous  di 
Wets.  In  addition  to  these  main  divisions  of  the  trunk  streams  mt 
^  taken  the  subordinate  divisions  of  tributaries,  such  as  San  Pedr 
^nta  Cruz,  Hassayampa,  and  Agua  Fria  creeks. 

TEMPERATURE. 

The  tables  of  temperature  for  the  Gila  and  Salt  River  valleys  she 
^hat  the  climate  is  very  warm.  But  care  should  be  taken  not  to  exa 
?^rate  this  feature,  for  the  actual  conditions  in  their  relation  to  hums 
^e  and  comfort  are  by  no  means  as  unfavorable  as  they  might  appe^ 
^  persons  comparing  these  tables  of  temperature  with  those  of  son 
**astem  localities.  For  about  eight  months  in  the  year  the  temper 
^^  of  this  valley  is  delightful.  Cool  nights,  bracing  mornings,  ai 
IBB  2 2 
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bright,  pleasant  days  are  the  rule,  except  in  the  months  of  June,  July 
August,  and  September.  In  these  months  the  heat  becomes  intense 
and  though  there  is  of  course  some  variation,  the  temperature  remain 
continually  high  throughout  the  greater  part  of  this  period. 

The  physiological  effect  of  this  heat  is  markedly  modified  by  th 
aridity  of  the  climate.  The  human  economy  provides  that  when  th 
temperature  of  the  healthy  body  rises  above  the  normal  the  perspin 
tory  glands  begin  to  act  and  furnish  the  skin  with  moisture,  tli 
evaporation  of  which  lowers  the  temperature  of  the  body.  An  essei 
tial  condition  of  this  natural  safeguard  against  excessive  heat  dei)enc 
upon  the  ready  evaporation  of  the  moisture  furnished  by  nature.  I 
a  very  humid  climate  this  evaporation  can  not  occur;  and  in  thoi 
X)ortions  of  the  country  where  the  humidity  is  comparatively  hi^ 
such  evaporation  must  be  proportionately  tardy  and  sluggish,  so  tti 
any  considerable  temperature  above  normal  blood  heat  produ^ 
great  suffering  and  exhaustion,  and  even  prostration.  In  an  a.3 
region,  on  the  contrary,  the  low  percentage  of  humidity  causes  protE 
and  quick  evaporation  of  the  moisture  and  the  consequent  succesis 
nature  in  its  attempt  to  prevent  uncomfortable  and  injurious  bod 
temperature.  In  southern  Arizona  these  favorable  conditions  i 
resistance  to  heat  are  at  their  maximum.  Though  the  temperatx: 
is  high,  the  relative  humidity  is  very  low,  and  every  particle 
moisture  which  reaches  the  surface  of  the  skin  is  promptly  evf 
orated — so  promptly  that  its  presence  is  not  perceived — and  whi 
the  body  is  thus  kept  at  its  normal  temperature  the  unpleasant  effe< 
of  excessive  moisture  are  not  experienced,  and  the  sultry,  sticky  d« 
80  common  in  the  East  are  unknown  in  Arizona. 

The  principles  involved  in  these  facts  are  frequently  illustrated 
the  sojourner  in  southern  Arizona  in  the  following  manner:  Ridl^ 
in  a  wagon  or  buggy  in  the  month  of  July  the  traveler  may  feel  grea»^ 
oppressed  and  enervated  by  the  intense  heat;  the  climate  seems  w^ 
nigh  insupportable;  but  if  he  will  get  out  and  walk  for  a  short  tinCi 
the  circulation  induced  by  the  exercise  starts  the  perspiration  and  V^ 
traveler  is  surprised  to  find  himself  greatly  refreshed,  and  he  vx^ 
then  resume  his  ride  in  comfort.  Farm  labor,  the  construction 
canals,  the  rounding  up  and  branding  of  cattle,  and  other  active,  ha»^ 
labor  are  performed  at  any  time  in  the  summer  with  less  comfort,  ' 
course,  but  with  no  worse  effects,  than  at  any  other  time  of  year,  a^ 
without  actual  suffering,  the  only  requisite  being  plenty  of  drinki^ 
water. 

A  fair  comparison  of  the  sensible  temperatures  of  two  places  mfl 
be  obtained  by  a  comparison  of  the  readings  of  wet-bulb  thermoncK 
ters.  The  difference  between  the  readings  of  wet  and  dry  bulb  thei 
mometers  here  often  exceeds  30  degrees.  The  summer  is,  therefore 
far  from  being  as  uncomfortable  as  might  be  supposed,  and  the  deligh* 
ful  autumn,  winter,  and  spring  fully  compensate  for  the  discomfort 
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of  the  snmmer  months;  and  the  climate,  taj^en  as  a  whole,  with  its 
extreme  aridity,  its  mildness,  and  its  large  proportion  of  sunshine,  is 
exceptionally  healthy  and  especially  beneficial  to  thosQ  suffering  from 
bronchial  or  pulmonary  troubles. 

RAINFALL. 

Rainfall  records  of  Arizona,  from  the  date  when  they  began  up  to 
and  including  the  summer  of  1890,  were  prepared  by  Capt.  William  A. 
Glassford  and  published  in  a  Report  on  the  Climatology  of  the  United 
States,  with  Reference  to  Irrigation,  by  Gen.  A.  W.  Greely,  Chief 
Signal  Officer.*  Later  I'ecords  may  be  found  in  the  various  annual 
and  monthly  publications  of  the  Weather  Bureau,  and  it  is  deemed 
of  value  to  reproduce  some  of  them  here,  brought  up  to  date,  partly 
because  of  the  scattered  condition  of  the  original  records,  some  of 
them  being  now  out  of  print,  and  partly  for  the  reason  that  for  pur- 
poses of  irrigation  the  season  is  best  divided  about  the  end  of  August. 
Rainfall  occurring  after  September  1  can  not  in  most  cases  be  relied 
npon  for  irrigation  use  in  that  season,  but  may  be  stored  for  use  in  the 
following  year.  Precipitation  occurring  before  this  date  may  usually 
be  utilized  the  same  year,  especially  if  storage  is  provided. 

No  arbitrary  line  can  be  drawn  separating  the  precipitation  avail- 
able in  one  year  from  that  available  only  by  storage  for  the  next,  but 
it  is  thought  that  more  cases  will  occur  where  September  precipitation 
can  be  used  the  same  year  than  where  August  precipitation  can  not, 
and  that  it  is  fair  to  divide  the  season  as  above  indicated.  For  the 
convenience  of  those  contemplating  storage  works,  therefore,  the  tables 
are  rearranged  and  the  total  annual  rainfalls  recomputed  on  this  basis. 
A  glance  at  the  annual  and  monthly  means  shows  at  once  that  agri- 
culture in  the  valleys  of  southern  Arizona  must  depend  entirely  upon 
irrigation. 

Short  fragmentary  records  in  Arizona  are  of  very  little  value,  on 
account  of  the  erratic  nature  of  Arizona  rainfall,  which  is  peculiarly 
marked  during  the  summer  rainy  season.  This  season  is  characterized 
by  sudden  violent  local  thundershowers,  often  called  cloudbursts, 
and  while  in  a  long  series  of  years  such  local  storms  probably  distrib- 
ute themselves  with  a  fair  degree  of  uniformity  over  districts  governed 
by  the  same  general  conditions,  yet  a  short  record  may  be  so  affected 
by  them  as  to  be  abnormal.  A  station  receiving  one  or  more  storms  of 
this  character,  or  being  avoided  altogether,  as  is  likely  to  occur  in  a  short 
record,  may  give  results  that  will  be  very  misleading.  For  instance,  at 
Fort  Lowell,  which  is  but  9  miles  east  of  Tucson,  and  only  4  feet  lower, 
there  fell  during  July  and  August,  1878, 0.60  and  7.88  inches  of  rain, 
respectively,  while  at  Tucson  during  the  same  months  the  rainfall  was 
5.72  and  4.71  inches.     Such  discrepancies  would  probably  disappear 

'Fifty-flrst  Ck>iigres8,  2d  session,  H.  R.  Ex.  Doc.  No.  287,  Irrigration  and  Water  Storage  in  the 
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[no.  2. 


in  the  average  of  a  long  series  of  observations.     Very  short  records,  on 
acconnt  of  the  great  secnlar  variations  even  in  countries  of  greatest^ 
uniformity,  can  not  be  depended  upon  as  giving  the  average  rainfalls 
for  the  region  in  which  they  are  taken.     In  this  climate,  for  the  rea— . 
sons  given  above,  they  are  of  little,  if  any,  value,  even  when  a  Ion 
record  exists  in  such  situation  that  a  comparison  of  its  mean  with  tha» 
of  the  short  record  may  be  made. 


Fio.  1.— Map  of  Arizona,  showing  location  <>f  rainfall  stations. 

• 

In  a  region  like  Arizona,  where  the  water  supply  bears  such  a  vit^^ 
relation  to  its  prosperity,  and  where,  moreover,  the  means  available 
for  keeping  rainfall  records  are  limited,  rainfall  stations  should  be-  ^ 
and  usually  are,  so  far  as  practicable,  widely  distributed  over  the  Ter^^ 
ritory,  in  order  that  all  varieties  of  elevation,  topography,  latitude^ 
and  climatic  conditions  may  be  represented.     Such  records,  if  care — 
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f ixlly  kept  for  a  long  series  of  years,  say  twenty  or  more,  become  val- 
a Al>le  for  determining  the  actual  rainfall  to  be  expected  in  any  par- 
ticular locality  by  means  of  a  short  record  embracing  four  or  five 
years.    The  comparison  of  such  short  record  with  the  synchronous 
record  at  the  station  of  long  observation  establishes  an  approximate 
rel&tion  between  the  jwint  under  investigation  and  the  point  at  which 
tlie  long  record  was  taken.     In  a  similar  manner  a  comparison  may  be 
msuie  between  the  measured  discharge  of  any  given  stream  and  the  syn- 
elironous  rainfall  at  the  old  station,  and  in  a  few  years  a  relation  can  be 
tlius  established  from  which  may  be  derived  an  approximate  hypothet- 
ical history  of  the  stream  or  hydrographic  basin  under  investigation. 
The  value  of  these  old  records,  which,  unfortunately,  are  very  rare, 
depends  chiefly  upon  their  continuation.     It  may  be  broadly  stated 
that  the  older  such  a  record  becomes  the  stronger  is  the  argument  for 
continuing  it.     It  is  especially  to  be  deplored,  therefore,  that  some  of 
the  old  records  in  Arizona  have  been  discontinued.     For  instance. 
Fort  McDowell,  having  in  1891  the  oldest  continuous  record  in  Ari- 
zona, was  in  that  year  discontinued,  and  has  not  since  been  resumed. 
A  great  part  of  the  value  of  this  old  record  might  be  restored  if  it 
were  practicable  to  reestablish  the  station. 

A  selection  has  been  made  of  16  stations,  most  of  them  having  a 
record  covering  at  least  fifteen  years,  so  distributed  as  fairly  to  indi- 
cate the  means  and  extremes  of  precipitation  in  the  various  portions 
of  the  basin.  A  short  record  at  Pinal  ranch,  not  hitherto  published, 
is  also  included.     These  records  are  oontained  in  the  following  tables : 

Record  of  precipitation  at  Fort  Whipple  y  Yavapai  County. 

fUtitnde  340  as\  longitude  112^  28';  elevation,  ft,389  feet.    Authority,  United  BtateH  Hoflpital 

Servioe  and  Weather  Bureau.] 


18B\--^ 
liW-«a 
18»-%i 


Sept.   Oct. 

Nov. 

Dec. 

Jan. 

Feb. 
1.16 

Mar. 

Apr. 

May. 

June.  July. 

Aug. 

Total. 
21.80 

3.65 

0.57 

0.06 

0.31 

l.ra 

8.00 

0.06 

1.17 

0.00 

2.70 

2.38 

0.10 
0.55 
1.40 

0.20 
1.50 
1.45 

2.20 
4.40 
0.00 

2.97 
0.80 
0.00 

5.30 
0.92 
L20 

0.50 

1.00 

0.00 

6.16 

2.72 

0.30 
[1.08] 

... 

1.00 

0.26 

1.T3 

0.24 

7.98 

3.49 

19.92 

■  •  « 

0.00 

1.50 

0.30 

0.53 

0.70 

1.01 

0.10 

1.92 

0.47 

0.00 

4.00 

1.80 

12.42 

•  •  « 

1.51 

1.40 

0.52 

0.00 

050 

0.80 

0.12 

1.62 

1.47 

1.24 

3.74 

6.26 

19.17 

•  .  . 

0.0i 

0.24 

0.00 

0.64 

0.00 

1.00 

0.23 

0.17 

0.40 

0.42 

1.56 

4.78 

9.48 

••- 

0.30 
0.00 
0.77 

0.00 
0.50 
0.00 

0.80 

2.65 

5.51 

5.68 

3.56 

1.70 

0.66 
0.00 
0.52 

0.00 
0.00 
0.25 

6.72 
6.92 
3.28 

1.56 
1.66 
4.51 

28.08 

... 

0.18 

0.63 

4.60 

0.01 

0.83 

0.51 

16.09 

•  •  . 

0.72 

0.06 

0.00 

0.00 

0.38 

0.56 

0.49 

1.50 

1.82 

0.00 

1.29 

0.24 

7.91 

•  -  . 

2.42 

1.38 

0.00 

2.23 

0.28 

2.02 

0.48 

2.86 

0.33 

0.33 

0.91 

6.34 

19.56 

-•- 

0.81 

0,00 

0.45 

1.02 

0.91 

0.94 

0.05 

0.08 

0.00 

0.05 

1.87 

2.20 

8.13 

... 

0.68 

0.37 

1.58 

4.21 

0.36 

0.16 

0.11 

0.52 

0.00 

0.04 

2.34 

2.80 

13.16 

.  .  . 

1.28 

0.18 

0.42 

1.84 

0.18 

0.10 

2.91 

0.67 

0.42 

T. 

3.27 

5.26 

16.48 

•  .. 

1.60 

0.33 

0.30 

0.33 

2.53 

2.04 

0.00 

0.28 

0.45 

0.47 

1.64 

3.34 

13.40 

■  •  . 

2.57 

0.30 

1.55 

0.00 

0.31 

0.63 

2.33 

0.86 

0.15 

0.09 

3.20 

3.28 

15.34 

... 

0.33 

0.43 

T. 

4.54 

0.26 

6.55 

5.51 

1.62 

1.45 

0.32 

1.33 

1.57 

23.90 

1 
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Record  of  precipitation  at  Fort  Whipple^  Yavapai  Counfy— Continued. 

(X/atitade  9i°  38' ,  longitude  112o  2B';  elevation,  ft,880  feet.    AnthoHty,  United  SUtes  H( 
f^  Service  and  Weather  Bureau.] 


1884^85.. 

1885-86.. 

1886-87.. 

1887-88.. 

188»-89.. 

188»-90.., 

1890-91.. 

1891-92.. 

1802-98.. 

1893-94... 

1894415... 

1895-96... 

Mean.. 


Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  June.  July. 

Aug. 

0.99 

1.42 

0.16 

5.58 

0.08 

0.46 

1.47 

0.62 

0.37 

0.07 

2.53 

1.24 

0.11 

0.88 

2.46 

0.32 

5.99 

1.15 

3.04 

1.18 

0.08 

0.00 

0.61 

4.41 

0.46 

0.23 

1.68 

T. 

T. 

3.12 

T. 

2.67 

0.48 

0.67 

2.64 

0.71 

4.88 

0.05 

1.57 

0.82 

1.30 

1.68 

1.66 

0.52 

1.96 

0.00 

2.49 

1.42 

0.62 

1.75 

3.18 

2.94 

1.73 

1.35 

2.91 

0.19 

T. 

0.02 

1.45 

1.51 

2.11 

1.76 

0.42 

7.88 

2.29 

3.02 

1.52 

0.86 

0.00 

0.06 

2.19 

2.67 

1.48 

0.00 

5.96 

0.86 

T. 

0.27 

0.00 

1.86 

3.04 

1.48 

0.00 

0.00 

1.19 

1.98 

1.64 

1.91 

0.58 

0.85 

0.00 

1.74 

2.04 

0.14 

1.41 

0.00 

0.61 

1.18 

0.47 

3.26 

0.00 

0.88 

0.00 

1.81 

4.30 

0.57 

0.15 

1.16 

0.73 

0.30 

0.30 

0.88 

0.00 

0.23 

T. 

1.18 

3.88 

0.45 

1.37 

0.00 

3.43 

4.37 

0.55 

T. 

0.25 

0.60 

0.00 

0.88 

3.53 

0.09 

0.24 

3.50 

0.60 

0.66 

0.20 

0.81 

0.35 

T. 

0.14 

4.70 

2.61 

1.08 

0.66 

0.84 

1.75 

1.44 

1.10 

1.50 

0.81 

0.50 

0.15 

2.77 

2.96 

Total        


14.99 

19.68 

12.41 

18. 

17. 

24. 


Record  of  precipitation  at  Fort  Verde,  Yavapai  County, 

[Latitude  34o  82%  longitude  11 1<*  47';  elevation,  8,160  feet.    Authority,  Signal  Service  and 

States  Hospital  Service.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

To^^^ 

1868-69... 

0.27 
0.00 

0.34 
0.60 

1.72 
0.01 

1.00 
0.60 

0.00 
0.15 

0.08 
0.00 

0.83 
0.22 

0.07 
3.06 

7.26 
0.80 

»I 

.. 

1869-70... 

0.00 

0.02 

4.04 

39 

1870-71... 

0.00 

0.60 

0.10 

0.58 

0.20 

•o.oo 

0.04 

0.73 

0.00 

0.00 

0.84 

0.26 

^^> 

35 

1871-72... 

1.00 

1.10 

0.39 

0.26 

0.47 

1.12 

0.16 

1.56 

0.64 

0.22 

2.22 

4  35 

.  3» 

1872-73... 

1.12 

0.10 

0.00 

0.83 

0.00 

1.16 

0.00 

0.00 

0.15 

0.20 

0.14 

2.62 

^^- 

-552 

1878-74... 

0.26 

0.00 

0.74 

3.26 

2.66 

2.05 

1.06 

1.48 

0.06 

0.00 

1.88 

2.48 

1..^ 

-«Q 

1874-75... 

0.00 

1.45 

3.52 

0.66 

2.91 

0.05 

0.30 

T. 

0.06 

0.00 

3.83 

2.01 

1^-*^ 

-  J» 

1876-76... 

1.35 

0.00 

0.65 

0.13 

2.06 

0.76 

1.00 

0.76 

0.00 

0.98 

6.31 

12.08 

^S^ 

.4*6 

1876-77... 

2.40 

2.10 

0.15 

0.00 

0.71 

0.51 

0.80 

0.85 

1.70 

0.00 

O.TO 

0.41 

M^^^ 

».  42 

1877-78... 

2.08 

0.4& 

0.05 

2.23 

0.14 

1.12 

1.84, 

1.75 

0.16 

C.08 

2.10 

4.60 

3.^* 

..  i56 

187»-79... 

0.98 

0.00 

0  36 

1.24 

0.20 

0.14 

0.00 

0.10 

0.00 

0.00 

0.97 

0.63 

'^ 

.52 

1879-80... 

1.40 

0.23 

2.40 

3.08 

1.08 

0.13 

0.30 

0.27 

0.00 

0.16 

1.85 

0.07 

3-^^ 

.  ^2 

1880-«1... 

0.19 

0.57 

0.13 

1.56 

0.07 

0.12 

2.64 

0.97 

0.07 

T. 

1.41 

7  58 

X-^ 

.36 

1881-82... 

1.88 

0.20 

0.21 

0.27 

2.72 

0.93 

0.01 

0.08 

0.19 

1.85 

1.25 

1.18 

-x^^ 

.  ^ 

1882-88... 

2.16 

0.25 

1.73 

0.07 

0.44 

1.36 

1.63 

0.12 

0.27 

0.04 

335 

1.14 

1^ 

.  C5 

188*-«4... 

0.00 

0.45 

0.00 

4.30 

0.39 

3.60 

3.00 

1.43 

0.72 

0.33 

0.19 

1.24 

1^- 

.  14 

1884-«5... 

0.68 

0.84 

0.15 

4.66 

0.00 

0.80 

2.25 

0.69 

0.19 

0.05 

0.84 

8.01 

1-^^- 

IG 

1885-86... 

0.08 

0.61 

1.88 

0.52 

1.90 

1.48 

2.09 

0.82 

0.02 

0.01 

0.18 

3.18 

1^^- 

72 

1886-87... 

0.20 

0.13 

0.55 

0.60 

0.04 

0.78 

0.02 

0.58 

0.60 

0.18 

3.11 

2.06 

^^- 

73 

1887-88... 

4.72 

0.00 

1.37 

0.87 

0.96 

1.56 

1.78 

0.48 

0.96 

0.00 

2.21 

0.73 

V^' 

l» 

1888-89... 

0.56 

4.47 

2.80 

3.15 

1.96 

0.26 

1.66 

0.00 

0.00 

0.02 

3.10 

0.75 

1^- 

71 

1889-90... 

1.60 

1.74 

0.08 

5.06 

1.39 

1.97 

1.35 

0.82 

0.01 

0.00 

1.88 

230 

v^- 

,. 

1890-91... 
Mean.. 

0.55 

[1.60] 

[3.66] 

[1.T2] 

^    .„.      — 

-  •  ■  ■  •  1 

. 

L^' 

"1 

1.06 

0.76 

1.13 

1.53 

0.96 

0.96 

1.10 

0.62 

0.26 

0.21 

1.82 

2.84 

tk  1 
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Record  of  precipitation  at  Fort  McDowell,  Maricopa  County, 

rLa.^ltiide  33*  38\  longitude  111^  88':  elevation,  l^iSO  feet.    Authority,  United  States  Hospita 

Service  and  Weather  Bureau.] 


Year. 


Sept 


:i867-68. 

:x8e8-eB. 
:m869-To. 

:18TO-71. 
:M871-72. 
:E8T3-73. 

:m8:3-74. 

:M874-75. 
:M87»-76. 
:i87e-77. 
:«K7-78. 

:m878-:«. 

:E87M0. 

:X880-«1. 

:i.881-82. 

:i883-83. 

1883-84. 

1884-8.5. 

X885-86. 

1886-^. 

1887-88. 

188S-«9. 

1880-90. 

1890-91. 

2tfean.. 


1.63 
1.02 
3.01 
0.00 
0.22 
0.20 
0.08 
O.GO 
0.05 
1.00 
0.00 
1.52 
0.96 
0.34 
0.34 
0.10 
1.34 
0.32 
3.96 
0.90 
T. 
4.11 
0.35 
0.61 
0.26 

0.94 


Oct.  Nov. 

Dec. 

Jan. 

Feb. 

1 
Mar.  Apr. 

May. 

June. 

July. 

Auff. 

Total. 

0.25    0.06 

0.10 

0.88 

0.16 

2.11 

0.03 

0.00 

0.00 

2.97 

1.18 

9.37 

0.08 

0.29 

5.70 

2.70 

1.60 

0.70 

[1.00] 

0.00 

0.00 

460 

1.70 

19.84 

T. 

0.01 

0.00 

0.64 

2.60 

0.00 

0.15 

T. 

0.10 

0.40 

1.10 

8.01 

0.00 

2.15 

0.55 

T. 

0.60 

0.65 

T. 

T. 

0.70 

0.90 

1.96 

7.58 

0.40 

0.00 

T. 

0.25 

0.40 

0.00 

0.40 

T. 

T. 

0.16 

2.08 

8.91 

0.00 

1.25 

0.20 

0.60 

0.40 

0.00 

0.53 

0.30 

0.31 

9.16 

7.17 

20.02 

T. 

0.00 

1.56 

0.00 

1.60 

0.90 

0.00 

0.16 

T. 

T. 

066 

4.86 

T. 

0.21 

4.70 

3.10 

2.86 

1.06 

1.80 

0.80 

0.00 

1.81 

1.99 

16.83 

1.11 

2.76 

1.00 

1.40 

0.62 

T. 

0.10 

T. 

0.00 

0.75 

0.46 

8.25 

0.00 

0.00 

0.64 

0.70 

0.10 

0.40 

T. 

0.00 

1.00 

3.25 

1.70 

8.79 

T. 

0.58 

0.00 

1.06 

2.24 

0.44 

0.60 

1.04 

0.00 

T. 

0.06 

5.94 

0.38 

T. 

2.12 

0.04 

1.54 

1.18 

8.20 

T. 

T. 

0.86 

1.57 

12.41 

0.00 

0.99 

1.56 

0.50 

1.22 

0.60 

0.20 

0.00 

0.00 

T. 

0.12 

6.17 

0.58 

2.14 

2.64 

1.56 

0.38 

0.60 

0.38 

0.00 

T. 

0.52 

0.84 

9.88 

[0.40] 

0.00 

1.60 

T. 

T. 

1.46 

0.22 

0.12 

0.00 

1.16 

8.38 

8.77 

T. 

0.80 

T. 

3.22 

0.58 

0.00 

T. 

0.10 

0.56 

0.40 

1.52 

7.28 

0.00 

1.38 

0.00 

0.50 

0.78 

0.42 

0.00 

0.28 

0.04 

1.12 

1.76 

7.71 

0.30 

0.06 

4.22 

0.33 

4.87 

8.47 

0.68 

0.45 

0.00 

0.08 

1.25 

15.62 

1.38 

0.45 

4.54 

0.00 

2.60 

0.60 

0.00 

0.00 

0.00 

0.00 

0.90 

14.88 

0.40 

1.75 

1.25 

3.35 

1.60 

1.60 

T. 

0.00 

[0.00] 

0.00 

0.62 

11.87 

0.27  i  0.44 

0.30 

0.00 

0.86 

0.00 

0.68 

T. 

0.00 

0.06 

1.54 

4.15 

0.48 

1.82 

0.77 

0.87 

0.72 

0.62 

0.14 

0.40 

0.00 

0.86 

0.17 

10.96 

2.82 

1.49 

3.47 

2.85 

0.77 

0.14 

0.00 

0.00 

0.06 

0.62 

0  29 

12.95 

1.31 

0.73 

5.81 

0.89 

1.37 

0.96 

0.55 

0.00 

0.00 

1.10 

1.65 

14.88 

1.07 

1 

0.45 

0.8i 

1.76 

1.06 

1.24 

0.74 

0.42 

0.13 

0.12 

1.26 

1.48 

10.38 

Record  of  precipitation  at  FSrt  Apache^  Navajo  County, 

itnde  ?SP  48%  longitude  I09o  57';  elevation,  5,060  feet.    Authority,  Siimal  Service  and  (Jnitec 

States  Hospital  Service.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

0.26 
1.15 

June. 

1.02 
0.00 

July. 

Aug. 

Total. 

1875-76 

0.92 
0.86 

1.72 
0.94 

2.02 
0.72 

0.06 
0.96 

5.20 
8.11 

2.62 
1.20 

1876-77... 

2.00  '  2.44 

1.34 

0.22 

14.44 

1877-78... 

0.99 

0.81 

0.19 

2.07 

0.18 

1.85 

2.41 

1.77 

0.18 

0.79 

8.76 

9.33 

28.88 

1878-79... 

0.70 

0.00 

1.94 

1.14 

1.80 

1.17 

0.08 

0.12 

0.00 

0.06 

8.92 

8.06 

14.08 

1879^... 

1.52 

2.64 

1.77 

2.41 

1.81 

U.95 

0.80 

0.46 

0.00 

0.46 

5.88 

1.44 

19.68 

1880-81... 

0.55 

0.56 

0.08 

2.38 

0.20 

1.17 

2.45 

1.53 

0.85 

T. 

5.63 

8.31 

23.16 

1881-82... 

5.41 

4.68 

0.85 

0.54 

2.82 

2.85 

1.09 

0.91 

0.94 

8.27 

4.79 

786 

85.51 

188^^... 

1.02  !     T. 

2.34 

0.28 

o.a-i 

2.46 

2.  OB 

0.22 

0.86 

0.02 

5.46 

4.26 

19.75 

1883^... 

0.60 

1.80 

0.02 

8.48 

0.68 

8.43 

4.44 

1.67 

1.81 

2.85 

0.14 

5.68 

25.10 

1884-85... 

1.60 

2.02 

0.82 

5.52 

0.52 

1.00 

2.06 

0.52 

1.12 

0.82 

2.00 

8.16 

21.65 

1^85-86... 

0.44 

0.38 

1.56 

1.41 

8.90 

2.73 

1.06 

0.91 

0.00 

0.19 

1.90 

4.75 

19.28 

188M7... 

3.16 

1.66 

0.66 

0.24 

0.68 

2.16 

0.04 

0.81 

015 

1.70 

8.29 

8.92 

18.28 

1887^... 

2.23 

0.66 

1.88 

0.57 

1.42 

1.83 

2.92 

0.71 

0.71 

T. 

8.24 

[1.00] 

17.01 

1888-89... 

0.3S 

1.28 

2.68 

2.HK 

2.24 

0.88 

1.85 

0.47 

0.00 

0.11 

2.67 

2.87 

18.15 

1889-90... 

1.02 

0.46 

0.55 

8.98 

2.26 

2.40 

0.82 

1.80 

0.00 

0.00 

5.00 

4.44 

22.82 

1890-91... 

2.87 

2.17 

285 

8.02 

1.65 

4.10 

0.85 

T. 

0.86. 

T. 

2.72 

1.22 

21.81 

1891-92... 

1.81 

0.00 

0.00 

0.65 

0.65 

2.29 

2.22 

1.86 

0.86 

0.15 

1.88 

1.80 

12.12 

1882-98... 

1.23 

0.55 

0.57 

0.69 

0.28 

1.10 

2.45 

0.00 

2.18 

0.00 

2.57 

3.48 

15.05 

1893^... 

2.65 

0.04 

0.28 

0.10 

1.24 

0.96 

1.86 

0.10 

0.79 

0.00 

1.27 

6.01 

18.89 

1894^)5... 

1.3S 

2.47 

0.00 

2.81 

1.88 

0.72 

0.02 

T. 

1.00 

0.01 

0.74 

5.44 

16.42 

1896^... 

1.68 

8.(J» 

2.80 

1.12 
1.77 

0.16 

0.88 

0.86 

0.34 

0.00 

0.62 

4.81 

4.86 

19.00 

Mean.. 

1.63 

1.85 

1.18 

1.23 

1.74 

1.55 

0.68 

0.66 

0.66 

8.66 

4.00 

19.75 

24 


IRRIGATION  NEAR   PH(ENIX,  ARIZONA. 


[ 


^-o*. 


Record  of  precipitation  at  Pinal  Ranch ,  Pinal  County, 
[Latitude  33*>  25',  loni?rftude  110°  58';  elevation,  4,400  feet.    Authority,  Irion  and  Cndg.] 


Year. 

Sept. 

Oct,  j  Nov. 

1 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  Jane. 

July. 

Aug.    Tota:^^ \ 

1891-92... 

1 
1 

0.00 
2.86 
1.63 
0.68 
4.04 

0.81 
3.69 
2.87 
5.88 
2.90 

\ 

1892-93... 
1893-94... 
1894-96... 
1895-96. . . 
1896-97... 

Mean.. 

0.15 
4.13 
0.32 
2.04 
3.47 

0.90  !  0.43 
0.00     1.66 
1.19     0.00 
4.78     5.83 
3.42     2.36 

0.99 
0.88 
7.77 
1.52 
1.13 

0.92 
1.23 
7.28 
1.10 

1.57 
1.81 
1.06 
0.18 

5.21 
1.98 
0.31 
1.05 

0.00 
0.00 
0.00 
0.50 

1.44 
0.14 
0.36 
0.00 

0.00 
0.00 
0.00 
0.24 

18. 1&.                      ^ 
16.2^ 

23.  e^ 

I 

2.02 

2.06     1.95 

2.45 

2.63 

1.16 

2.L3 

0.13 

0.48 

0.06     1.88 

3.23 

20.4^ 

Record  of  precipitation  at  Phoenix  ^  Maricopa  County, 

[Latitude  SS^  28',  longitude  112«  OO';  elevation,  1,068  feet.    Authority,  Weather  Bureau.] 


Year. 

Sept. 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

T^ti^"" 

— 

1875-76... 

0.82 
1.63 

0.27 
0.31 

0.00 
0.00 

0.00 
0.00 

[1.00] 

ao2 

5.1J3 

1876-77... 

0.90 

0.72 

0.00 

0.00 

0.60 

0.00 

[1.00] 

1877-78... 

1.11 

0.04 

0.08 

0.43 

0.07 

1.07 

0.86 

1.26 

0.04 

0.00 

2.40 

1.63 

9.03 

1 

1878-79... 

0.19 

0.00 

0.27 

0.64 

0.07 

0.75 

0.83 

0.07 

0.00 

0.00 

0.54 

0.67 

3.53 

1 

1879-80... 

0.60 

0.27 

1.66 

i,a'» 

1.16 

0.38 

0.26 

0.15 

O.OO 

0.49 

1.18 

0.72 

8.31 

1 

1880-«1... 

0.67 

0.20 

0.00 

1.61 

0.00 

0.20 

1.46 

1.10 

0.12 

0.00 

2.08 

2.19 

9.5S 

1 

1881-82... 

1.04 

0.25 

0.86 

0.16 

1.62 

0.17 

0.00 

0.00 

0.00 

0.37 

0.32 

1.81 

6.1CK 

1882^88... 

1.26 

0.10 

1.30 

0.00 

0.83 

1.27 

1.16 

T. 

0.44 

0.00 

0.07 

0.07 

6.44^ 

1883-84... 

0.00 

0.20 

0.00 

8  86 

0.16 

2.46 

2.14 

0.40 

0.01 

0.16 

0.07 

1.84 

lO.T^- 

1884-85  .. 

1.50 

1.12 

0.24 

2.74 

0.00 

0.47 

0.38 

0.00 

0.65 

0.04 

0.18 

0.71 

7.0^- 

1885-86... 

0.07 

0.09 

0.91 

0.32 

1.82 

1.26 

1.86 

0.29 

0.00 

0.00 

0.05 

0.59 

6.T^ 

1886-87... 
1887-88... 

0.45 

0.68 

0.32 

0.07 
[0.60] 
[3.00] 
8. 88 
0.18 
0.00 

0.00 

0.28 
. .  # 

T. 

0.75 
0.01 

0.06 
0.80 
0.00 

0.00 
0.00 
0.12 

. 

0.13 
0.66 

0.27 
1.77 



1888-«... 

0.23 

[2.80] 
0.99 

1.10 

1889-90... 
1891-92... 

0.89 

0.77 
0.00 
0.00 

0.86 
L85 
0.00 

0.52 
2.20 
0.00 

1.18 
0.60 
0.46 

0.51 
0.70 
0.00 

0.00 
0.15 
1.00 



0.00 
0.00 

0.00 
8.20 

0.00 

6.  O^ 

1892-83... 

0.00 

0.00 

189a-94... 

0.00 

0.00 

0.60 

1.00 

0.00 

0.70 

0.62 

0.00 

0.07 

0.00 

0.97 

079 

4  72^ 

1894-86... 
1895-96... 

0.15 

0.77 

0.00 
1.22 

1.48 
0.07 

0.00 
0.00 



0.48 

0.00 

0.28 

0.00 

0.00 

3.66 

1.06 

Mean.. 

0.54 

0.51 

0.48 

1.44 

0.57 

0.83 

0.72 

0.29 

0.15 

0.07 

1.03 

0.97 

Record  of  precipitation  at  Fort  Bowie,  Cochise  County, 

Latitude  32<»  12',  longitude  109*  20';  elevation,  4,781  feet.    Authority,  United  States 

Service  and  Weather  Bureau.] 


Year.      I  Sept. 


1866-67... 
1867-«8... 
1868-69... 
1869-70... 
1870-71... 
1871-72... 
1872-73... 
1878-74... 
1874-76... 


1.70 
3.15 
0.20 
1.00 
1.00 
0.77 
0  01 
0.06 


Oct.    Nov. 


T. 

T. 

T. 
0.00 
0.70 

T. 
0.03 
1.40 


0.60 
0.70 
1.45 
T. 
0.90 
0.15 
1.12 
1.45 


Dec. 


1.64 
0.00 
0.15 
1.00 


Jan.    Feb 


Mar. 


Apr.  May.  June.  July 


2.39  LIO 
0.10  3.50 
0.30  0.69 
0.60  I  [1.00] 


[1.25]  [0.40]  [0.50] 


2.95 
2.02 
0.46 


0.00 
2.33 
1.35 


1.16 
5.40 
1.20 


0.00 
0.39 
0.50 
[0.60] 
0.00 
2.22 
1.50 
0.13 


0.70 
0.15 

T. 
[0.60] 
0.25 

T. 
0.35 
0.13 


Aug.'  Totfla- 


0.50 
0.00 
0.00 
0.18 
0.20 
1.09 
0.00 
T. 


0.00 


0.40 

0.60 

0.60 

1.04 

0.14 

T. 

0.65 

Dins.] 


GILA   BASIN. 
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Record  of  precipitation  at  Fort  Bowie,  Cochise  County — Continued 

iUtitnde  320  12^,  longitude  lOQ^  20';  elevation,  4,781  feet.    Anthority,  United  SUtes  Hospital 

Service  and  Weather  Bureau.] 


Ye.r 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 
2.05 

July. 

Auff. 

Total. 

187^-76... 

3.19 

0.00 

0.25 

0.83 

0.60 

0.45 

0.48 

T. 

T. 

4.55 

4.00 

16.40 

1878-77... 

1.95 

0.73 

0.40 

0.00 

0.14 

2.70 

0.12 

O.U 

0.90 

0.00 

1.24 

0.18 

8.50 

1877-78... 

1.16 

0.00 

0.00 

2.04 

[0.60] 

0.60 

2.83 

1.00 

0.20 

0.20 

4.92 

7.44 

20.79 

187&-79... 

0.07 

0.07 

1.60 

1.09 

3.00 

0.63 

0.40 

0.02 

0.00 

O.CO 

1.01 

0.20 

7.99 

1879^... 

2.00 

0.60 

0.10 

0.50 

0.25 

1.40 

1.45 

0.15 

0.00 

1.50 

4.80 

0.97 

13.72 

1»>^1... 

1.35 

0.70 

0.06 

0.82 

0.00 

0.20 

0.79 

0.05 

0.10 

0.06 

5.53 

5.16 

14.81 

1881-«... 

2.27 

1.15 

0.58 

0.03 

0.90 

1.15 

1.51 

0.26 

0.71 

1.30 

8.58 

4.84 

18.37 

188M3... 

1.51 

[0.00] 

1.79 

0.35 

1.49 

1.33 

2.84 

0.00 

1.60 

0.33 

2.21 

1.73 

15.06 

18»^... 

0.72 

0.20 

0.39 

1.12 

8.14 

4.96 

2.63 

0.00 

0.23 

0.13 

0.65 

2.44 

16.60 

13M-85... 

0.6S 

3  58 

0.42 

6.41 

0.53 

1.81 

2.19 

0.00 

0.19 

0.66 

1.83 

2.19 

30.43 

1885^... 

0.44 

0.00 

1.42 

1.74 

4.24 

4.88 

4.48 

0.07 

0.01 

4.21 

2.24 

2.49 

26.22 

vm^... 

1.26 

0.96 

0.74 

0.15 

0.18 

2.11 

0.00 

0.28 

T. 

1.30 

4.49 

5.51 

16.28 

m-m... 

2.71 

1.01 

1.10 

1.94 

1.11 

1.60 

1.92 

T. 

0.46 

0.53 

2.50 

1.37 

16.15 

188M9... 

0.21 

1.89 

1.95 

2.12 

1.38 

1.62 

1.58 

T. 

0.09 

0.09 

2.65 

0.20 

13.78 

ismo.,. 

3.37 

0.74 

T. 

0.51 

0.78 

0.23 

0.03 

0.59 

0.00 

T. 

4.97 

4.06 

15.28 

1»0-91... 

1.74 

1.60 

0.61 

2.45 

0.60 

2.18 

0.65 

0.00 

1.38 

T. 

0.28 

1.00 

12.58 

MW-9B... 

0.61 

0.00 

0.00 

1.28 

0.81 

3,36 

1.62 

0.41 

0.00 

0.60 

1.12 

2.65 

12.34 

Wa2-98... 

0.00 

1.80 

0.H(» 

0.60 

0.40 

0.80 

2.70 

0.00 

0.30 

0.00 

3.68 

3.41 

14.00 

Lm^... 

1.06 

0.04 

0.07 

0.25 

0.65 

2.55 

1.07 

0.01 

T. 

T. 

1.07 

4.80 

11.57 

1«W45... 

L06 



Mean.. 

1.26 

0.60 

0.66 

l.JK 

1.04 

1.81 

1.28 

0.19 

0.30 

0.61 

3.08 

3.95 

16.02 

Record  of  precipitation  at  Wilcox,  Cochise  County. 
[Latitude  32«  20^,  longitude  100«  42';  elevation,. 4,164  feet.    Authority,  Weather  Bureau.] 


1 

Year. 

Sept 

Oct. 

Nov. 

X^GC* 

Jan. 

1«8M1... 

0.04 
0.00 

0.00 
0.00 

0.40 
0.00 

0.02 
[0.50] 

1881-ffl... 

0.00 

l«2-«8... 

1.56 

0.00 

0.58 

0.32 

1.25 

188?H4... 

0.04 

0.30 

0.36 

0.99 

0.80 

M8M5... 

0.14 

3.50 

0.25 

3.49 

0.05 

188M8... 

1.11 

0.00 

0.56 

0.19 

[3.00] 

1886^... 

1.68 

0.36 

0.58 

0.08 

T. 

1887-88... 

2.96 

0.45 

0.22 

0.92 

0.36 

1888«... 

0.50 

1.15 

1.86 

1.37 

1.31 

1889-90... 

2.91 

0.83 

T. 

0.62 

J. 61 

1880-91... 

1.97 

0.54 

0.43 

0.72 

0.54 

1891-92... 

0.22 

0.00 

0.00 

0.85 

0.05 

1892-98... 

0.32 

0.00 

0.00 

0.17 

0.00 

1888-M... 

0.»3 

0.00 

0.00 

0.00 

0.60 

1894-^... 

0.27 

0.78 

0.00 

0.67 

0.11 

1895-06... 

0.11 

0.08 

1.59 

0.40 

0.27 

Mean.. 

0.98 

0.51 

0.40 

0.70 

0.65 

Feb. 


0.00 
1.15 
0.31 
1.61 
0.63 
[1.00] 
1.83 
1.21 
0.90 
0.a5 
2.45 
1.45 
0.10 
1.37 
0.00 
1.03 

0.96 


Mar. 

Apr. 

May. 

June. 

July. 

2.95 

T 

0.00 

[0.00] 

3.97 

0.00 

0.00 

0.00 

[0.90] 

0.11 

0.41 

0.00 

o.;« 

0.03 

1.56 

1.75 

0.00 

0.00 

0.04 

1.17 

1.52 

0.03 

[0.20] 

0.34 

1.78 

0.15 

0.01 

0.00 

T. 

0.37 

0.00 

0.03 

0.48 

0.47 

3.82 

1.13 

0.03 

0.14 

0.08 

3.68 

1.03 

0.04 

0.00 

0.13 

4.91 

0.22 

0.63 

0.00 

0.14 

2.64 

0.26 

0.00 

0.87 

0.07 

T. 

0.84 

o.a5 

1.02 

2.00 

0.97 

0.79 

0.00 

0.60 

0.00 

1.74 

0.77 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.77 

0.00 

1.92 

0.05 

0.00 
0.06 

0.00 

0.00 

1.46 

1.88 

0.74 

0.27 

0.26 

Aug.    Total. 


5.17 
3.46 
3.15 
1.54 
2.10 
2.14 
5.31 
0.42 
0.97 
5.20 
2.10 
0.94 
1.03 
1.52 
3.06 
1.77 

2.40 


13.55 

6.22 

9.50 

8  60 

14.12 

8.53 

14.04 

11.60 

14.20 

15.15 

9.95 

8.50 

4.65 

5.09 

7.58 

6.76 

9.90 


5  IBEIGATION  KEAR  PHtENIX,  ARIZONA.  [sol 

Record  of  precipitation  at  Fort  Qrant,  Oraham  County. 

[LttitndB  SfaS',  loDBitnilB  l<ie°  S3' i  elevation,  4.M0  feat.    Antliorltr.  WraUwr  BnrMa.] 


Sept. 

Oct. 

Mo.. 

Itac. 

Jul 

F 

b. 

Mnr. 

Apr. 

u.r. 

IniHL 

Jnlr. 

Aug. 

Tot»L- 

0.90 
80. 3S 

n.M 

11.88 

loos   -. 
18.05  ; 

IB,  28 

18. 8S 
16.76 

23.  SI 

uan 

B.4£ 

10.07 

ll.W 

0 
0 

0 

1 

1 

1 
1 

2 

8 

S. 
0 

10 

SO 
M 

48 
33 
23 
40 
(2 
02 
29 

28 
40 
7S 
ISO 

ss 

48 
37 

1  m 

0.00 
0.E8 
l.SS 

0.18 
0.08 

O.06 
0.47 

o.ot 

0.80 

0.80 
0.13 
0.02 

o.n) 

OM 
0.13 

a«7 

0.S0 
0.07 
0.00 

o.te 

0.00 

O.0O 
0.23 

l.W 

0.81 

0.01 
0  10 
0.18 
T. 

140 

a.»i 

0.88 
0.37 
0.30 
fl.OO 

1    10 

1  TO 

6.10 
£.01 
1.08 
7.41 
030 
4.  OS 
1,12 

4.73 

e,41 

1.58 

:E 

136 

2.2S 

1.00 
2.l» 
l.« 
4,02 

2.88 

1874-TS... 

lB7ft-T6... 

le-a-TT— 

ISTT-™... 

lfT(MO..- 
1880-81- 

isei-si... 
iha»«.,. 

1883-84... 
18S4-8S... 
1S8S-86..- 
1886-87... 
1887-88.-. 

IWO-Bl... 

laei-M... 
ims-tR... 

1883-04— 

law-BS— 

ISH^-K... 

S.W 
0.00 
i.6B 
l.W 

a.«8 

RIS 

1.01 

0,80 

o.a 

0,81 
8,  IB 
4.30 

o.rs 
0-flo 

1.21 
8.87 
l.N 

0.4S 
1.47 
0.01 

2,8B 
(I.EO 

1.8S 

0.47 
l.OZ 
0.00 

0.03 

0.37 
1.18 
O.H 
1.82 
OOO 

T 

1.10 

S 
0 

0 
0 

1 

0 
3 

0 
0 

38 
30 
10 

oo 

QO 

6T 
00 

7» 
11 

68 
80 

a? 
le 

00 

40 
00 
OS 

3.78 

[l.«] 

i,iH 

1-38 
1. 37 

O.tlS 
0.17 

0.81 

0-n 

1.68 

i.oi 

0.B6 
2.7B 

S 

2 

0 

38 
48 
% 

23 

38 

06 
12 

4a 

12 
M 

82 
93 

38 

» 

2 

1 

0 
0 

0 

a 

1 

3 

I 
0 

0 
0 

4S 

w 

30 
37 

es 

8S 

BB 

27 
87 
40 
S3 

83 

48 

26 

as 

20 
•8 

0 

0 

1 

0 

1 

0 
0 

0 
0 

00 

so 
«s 

00 
82 

B2 

r. 

SB 
10 
73 
S7 

0! 

on 

10 
00 

00 

70 

27 

44 

S9 

ta 

83 

82 
90 

87 
93 

79 
00 

57 
23 
W 

83 

66 

OS 

1.70 

0.80 

" 

7a 

1.48 

" 

88 

1 

36 

' 

02 

0.38     0.34  .  0 

S3 

" 

as  1  3.06 

15.  *S 

Beeord  of  precipitation  at  Fort  Thotrtas,  Oraham  County, 


Y-r. 

Sept. 

Oct. 

Nor. 

Dbc 

J«ii, 

Fob, 

Uar, 

Apr, 

M.7- 

^™. 

Jalj 

Ang, 

ToM. 

leTMO 

0.0« 
0.03 
0.02 
0.00 
0.72 
0.14 

0.31 
0.S7 

0,00 

0,00 

0,47 

0.60 
O.0B 

2,73 
0.28 

OOO 

1,61 

OH 

0.67 

4.18 
0,86 
1.85 

0,88 
2,B3 

a78 
1,88 

S.49 
2,*B 
2,48 
2,52 
2,04 
2.46 

2.63 
0,61 
1.40 
4.11 

1680-81. , , 
1881-83,.. 

use-as... 

1683-84... 
1884-8S... 
1886-66... 

1887-88.. 
1868-89... 

ueo-Bi... 

Mo«n,. 

155 

0» 

0.01 
0.02 

a.  67 

OBS 
0.38 

ors 

0,18 
0.40 

o,sa 

0,80 
0.01 

0,» 
2,  BO 

0.8Z 
0.7T 
0.00 

au 

0,38 
0,18 

o,aa 

1,72 
034 

0.40 
0,46 

i,m 
sie 

0.71 
0,04 
1,06 

1,66 

o.ee 

0 
0 

03 

38 

45 

08 

00 

«s 

0  18 
1,01 

K.94 
1.0O 

0.84 
1.06 

0.4B 
3.98 

■ 

0 
0 

70 
33 
21 
75 

00 
78 
06 

40 

0 

0 

0 

2S 
00 

62 
18 

35 

00 

T. 
18 

10,77 
0,62 
10,77 
12.48 
14.  BO 

13,18 
12,88 

0,91 

O8BJOB0|l,27 

«l,.».j 

02 

aas 

0,SB 

0,25 

3,03  1  2.47 

12.16 

GILA   BASIN. 

tation  at  San  CarloSj  OUa  County, 
XI. 0»  37';  elevation, ^tSS^Mt.    Authority,  Weather  Bureau.] 


c 


Feb. 

Mar. 

Apr. 

May.  June. 

July. 

Aug. 

0.00 
1.00 

4.18 
1.96 

5.98 
6.05 

0.98 

0.55 

0.00 

0.71 

2.07 

0.71 

0.00 

0.58 

0.00 

2.48 

1.11 

8  88 

8.97 

0.84 

0.82 

0.40 

0.37 

1.24 

1.89 

1.28 

0.08 

0.22 

0.47 

1.25 

1.22 

1.29 

0.82 

0.14 

0.00 

0.00 

0.08 

8.49 

1.12 

0.00 

0.28 

0.06 

0.81 

2.49 

1.56 

1.03 

1.98 

0.00 

0.10 

0.00 

2.10 

0.40 

1.38 

2.15 

0.25 

0.00 

T. 

1.88 

0.87 

1.66 

1.08 

1.81 

0.00 

0.00 

2.26 

8.41 

5.25 

0.47 

0.00 

o.n 

0.00 

0.57 

1.00 

8.51 

1.22 

1.08 

0.06 

0.00 

1.80 

1.90 

0.55 

2.96 

0.00 

0.67 

0.00 

0.80 

8.78 

1.87 

1.14 

0.11 

0.81 

0.00 

0.81 

2.06 

0.45 

0.18 

0.00 

0.04 

0.05 

0.82 

2.89 

0.04 

0.60 

T. 

0.00 

T. 

8.78 

0.88 

1.72 

1.26 

0.28 

0.25 

0.15 

1.66 

2.88 

T^^tal. 


16.00 

11.82 

15.77 

14.26 

10.98 

7.56 

o.  99 

15.01 

17.12 

15.67 

18.08 

10.47 

9.70 

9.81 

14.45 

18.08 


j2ecorc{  of  jxrecipitation  at  Benson,  Cochise  County, 
gjjo  oc,  longitude  llO**  22';  elevation,  8,580  feet.    Authority,  Pacific  Railway  SyBteir 

Total. 


Xi^vC* 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

[1.50] 

0.00 

0.00 

0.75 

0.00 

0.00 

0.02 

2.17 

4.88 

0.00 

0.40 

1.20 

0.00 

0.00 

0.00 

0.86 

2.00 

8.58 

0.15 

0.65 

0.68 

2.06 

0.00 

0.42 

0.16 

2.OT 

2.78 

0.50 

0.20 

0.68 

1.20 

T. 

0.00 

0.00 

0.70 

0.27 

2.60 

0.06 

0.95 

0.07 

0.00 

0.00 

0.75 

0.58 

1.44 

0.17 

0.79 

0.67 

0.C8 

0.00 

0.00 

0.00 

1.44 

2.68 

0.19 

0.00 

0.84 

0.00 

T. 

0.06 

0.00 

1.49 

2.89 

0.15 

0.04 

0.00 

0.80 

0.00 

0.87 

0.00 

2.44 

1.66 

1.00 

0.03 

0.07 

0  68 

0.00 

0.00 

0.68 

2.16 

0.94 

1.88 

1.94 

0.00 

0.00 

0.28 

0.00 

0.52 

[2.60] 

4.81 

1.48 

0.88 

1.81 

0.15 

0.00 

[0.00] 

[0.25] 

1.19 

1.81 

0.88 

0.40 

1.80 

0.40 

0.42 

0.00 

0.00 

0.00 

0.07 

[0.68] 

0.00 

0.00 

[0.92  J 

0.00 

0.76 

0.00 

2.88 

8.08 

0.00 

T. 

1.50 

0.40 

0.00 

0.00 

0.10 

1.65 

2.08 

0.74 

0.00 

0.00 

[0.47] 

0.00 

1.00 

0.00 

0.18 

1.20 

0.00 

0.10 

0.00 

0.12 

0.00 

0.00 

0.00 

0.00 

0.60 

0.68 

0.86 

0.54 

0.47 

0.04 

0.16 

0.21 

1.68 

2.10 

9.48 
9.87 

11.29 
8.88 
9.58 
6.06 
4.91 
8.70 
8.30 

12.42 
8.92 
8.81 
8.25 
5.80 
4.49 
4.77 


7.42 
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IRRIGATION   NEAR   PHOENIX,  ARIZONA. 


[so.  2. 


Record  of  precipitation  at  Tucson,  Pima  County. 

(Latitude  329  U\  longitude  110°  54' ;  elevation,  2,404  feet.    Authority,  Pacific  Railway  System  anc 

E.  L.  Wetmore.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Total. 

1875-76... 

0.18 
0.75 

0.82 
0.00 

0.87 
0.19 

0.26 
2.58 

1.22 
0.20 

0.00 
0.57 

0.00 
0.41 

0.29 
0.00 

3.71 
3.04 

4.19 
0.02 

187ft-77... 

2.28 

0.96 

10.95 

1877-78... 

2.44 

0.46 

0.00 

2.91 

0.22 

1.00 

1.77 

0.52 

0.00 

0.65 

5.72 

4.71 

20.40 

1878-79... 

0.08 

0.00 

1.31 

0.68 

2.02 

0.94 

0.83 

0.02 

0.00 

0.01 

0.84 

1.76 

8.49 

18:9^80-.. 

0.74 

0.94 

0.60 

3.31 

0.56 

0.15 

0.41 

0.04 

0.00 

T. 

1.62     1.28 

9.65 

1880^1... 

1.89 

0.09 

0.00 

0.57 

0.05 

0.26 

1.17 

0.62 

0.04 

0.00 

5.69  ;  8.92 

14.29 

1881-82... 

2.87 

0.62 

0.00 

0.19 

1.75 

1.64 

0.72 

0.05 

0.01 

0.99 

2.63 

6.82 

17.29    . 

1882-83... 

0.82 

0.00 

1.12 

0.04 

1.27 

0.51 

1.14 

T. 

OM 

0.08 

2.20 

1.40 

8.43 

1883-84... 

0.10 

0.65 

0.02 

0.06 

0.83 

2.59 

1.91 

0.17 

0.23 

0.23 

0.82 

1.15 

8.26    > 

1884-86... 

0,80 

2.24 

0.34 

4.72 

0.00 

0.42 

0.40 

0.00 

0.00 

0.13 

1.00 

1.76 

11.31     1 

1886-86... 

0.12 

0.00 

0.42 

1.01 

1.61 

0.86 

0.87 

0.06 

0.00 

0.00 

1.06 

2.47 

7.98 

1886-87... 

[1.00] 

0.81 

0.45 

0.40 

0.00 

0.85 

0.00 

0.88 

0.82 

0.26 

5.08 

1.26 

10.30 

1887-88... 

2.06 

1.72 

0.74 

0.27 

0.73 

0.57 

1.08 

T. 

0.82 

0.55 

1.58 

0.92 

10.51 

1888-89... 

0.10 

0.78 

2.06 

1.96 

1.74 

1.06 

1.98 

0.18 

T. 

0.80 

5.66 

2.06 

17.88 

1889-90... 

3.12 

0.36 

0.32 

1.59 

1.27 

0.76 

0.29 

0.10 

0.00 

0.00 

2.37 

5.18 

15.31 

1890-91... 

1.44 

0.65 

0.88 

1.82 

0.12 

2.06 

0.17 

0.00 

0.18 

0.22 

0.70 

2.36 

9.97 

1891-92... 

0.65 

0.00 

0.00 

0.23 

1.66 

2.54 

1.01 

0.26 

0.36 

0.21 

2.19 

1.84 

10.95 

1892-98... 

0.61 

0.32 

0.00 

0.25 

0.27 

0.88 

1.16 

T. 

1.00 

0.00 

2.44 

6.05 

12.67 

1883-94... 

0.96 

T. 

0.40 

0.41 

0.11 

1.04 

1.17 

T. 

0.05 

T. 

1.60 

1.01 

6.75 

1894-fl5... 

0.12 

0.31 

0.00 

1.88 

0.56 

T. 

0.00 

T. 

0.09 

0.02 

0.11 

5.86 

8.44 

1805-96... 
Mean.. 

0.75 

0.68 

4.80 

0.06 

0.53 

0.10 

0.27 
0.84 

0.12 
0.15 

T. 

0.19 

3.46 

1.25 

11.72 

1.07 

0.55 

0.60 

1.08 

0.76 

0.98 

0.16 

0.20 

2.52 

2.65 

11.62 

Record  of  precipitation  at  Casa  Grande,  Pinal  County. 
[Latitude  32«  54',  longitude  lll^  40^;  elevation,  1,398  feet.    Authority,  Pacific  Railway  System.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Total. 

1880^1... 

[0.45] 

0.05 

0.00 

[1.00] 

0.00 

0.00 

[1.00] 

0.73 

0.00 

0.00 

0.00 

T. 

3.23 

1881-82... 

0.00 

0.00 

0.00 

0.00 

[2.00] 

[0.80] 

000 

0.00 

0.00 

[0.10] 

0.00 

0.00 

2.90 

1882-88... 

0.00 

0.00 

[0.36] 

0.00 

0.00 

0.00 

0.00 

0.00 

0.24 

0.00 

[1.00] 

0.81 

2.40 

1888-84... 

0.00 

0.10 

0.00 

0.86 

0.75 

[1.00] 

1.06 

0.00 

0.00 

0.00 

0.00 

2.37 

6.16 

1884-85... 

0.00 

1.31 

0.00 

3.20 

0.00 

0.80 

0.10 

0.00 

0.00 

0.00 

0.75 

0.64 

CdO 

1885-86... 

0.00 

0.00 

0.28 

0.00 

0.90 

[1.25] 

0.74 

0.09 

0.00 

0.00 

0.33 

1.46 

5.00 

1880^7... 

0.00 

0.00 

0.35 

0.00 

0.00 

0.40 

0.00 

0.30 

0.20 

0.40 

1.07 

0.97 

3.60 

1887-88... 

1.99 

0.95 

1.28 

0.15 

0.61 

0.00 

0.45 

0.00 

[0. 10] 

0.00  :  0.28 

0.00 

6.81 

1888-^... 

0.41 

[1.00] 

0.70 

0.75 

[1.00] 

0.00 

0.50 

0.10 

0.00 

0.00 

0.00 

0.00 

4.46 

1889-90... 

0.60 

0.80 

0.10 

1.26 

0.30 

0.61 

0.41 

0.38 

0.00 

0.00 

1.38 

3.41 

9.14 

1890-91... 

0.96 

0.38 

2.00 

0.87 

0.65 

1.90 

0.00 

0.00 

0.00 

0.00 

0.90 

0.00 

7.66 

1891-92... 

0.00 

0.00 

0.00 

0.17 

8.26 

2.85 

0.66 

0.00 

0.34 

0.00 

0.23 

0.64 

7.63 

1802-93... 

0.00 

0.15 

0.00 

1.14 

0.06 

0.00 

1.87 

0.00 

0.07 

0.00 

1.72 

0.95 

5.96 

1803-94... 

0.00 

0.00 

0.00 

0.25 

0.00 

0.10 

0.62 

0.00 

0.07 

0.00 

0.67 

0.81 

2.8Z 

1894-95... 

0.89 

0.13 

0.00 

2.53 

0.45 

0.00 

0.00 

0.00 

0.00 

0.00 

0.36 

1.80 

5.66 

1895-06... 
Mean.. 

2.00 

1.60 

0.60 

0.65 

0.00 

0.10 

0.00 

0.00 

0.00 

0.88 

0.46 

0.40 

0.35 

0.81 

0.66 

0.54 

0.47 

0.10 

0.06 

0.03 

0.58 

0.89 

5.34 
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IRRIGATION   NEAR   PHCENIX,  ARIZONA. 


[NO.  2. 


Record  o^ precipitation  at  Yuma,  Yuma  County. 

[Latitude  82°  ii\  longitude  114°  36';  elevation,  141  feet.    Authority,  Weather  Bureau.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec.   Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Total. 

1875-76... 

[0.17] 

T. 

0.00 

0.00 

0.44 

0.46 

0.04 

0.00 

0.00 

0.00 

0.00 

0.00 

1.11 

1876-77... 

0.00 

0.00 

0.00 

0.00 

0.00 

1.72 

0.00 

0.00 

0.06 

0.00 

0.50 

0.06 

2.43 

1877-78... 

T. 

0.00 

0.00 

1.23 

0.00 

0.06 

0.13 

0.02 

0.00 

000 

0.55 

1.50 

3.58 

187^79... 

0.37 

0.00 

0.02 

0.14 

0.50 

1.21 

0.48 

0.15 

0.00 

0.00 

0.00 

0.00 

2.96 

1879-80... 

0.11 

0.33 

0.15 

0.27 

T. 

T. 

0.00 

T. 

0.00 

0.00 

T. 

T. 

0.86 

1880-81... 

T. 

T. 

0.00 

0.74 

0.00 

0.00 

T. 

0.55 

0.00 

T. 

0.20 

0.06 

1.57 

1881-82... 

0.06 

T. 

0.00 

0.10 

1.-35 

0.01 

0.00 

0.00 

0.00 

0.06 

0.20 

0.08 

1.79 

1882-83... 

0.04 

0.01 

0.00 

0.00 

0.96 

0.68 

T. 

T. 

0.00 

0.00 

0.31 

0.22 

2.31 

1883^... 

0.13 

0.06 

0.00 

[1.61] 

T. 

1.58     1.48 

0.07 

0.44 

T. 

0.01 

0.32 

5.60 

1884-85... 

T. 

T. 

T. 

1.96 

T. 

0.02  1     T. 

0.07 

T. 

0.00 

0.05 

0.86 

2.96 

1885-86... 

0.00 

0.00 

1.71 

0.01 

1.06 

0.08     0.33 

0.31 

0.00 

0.00 

T. 

2.23 

5.73 

1886-87... 

0.00 

1.11 

0.28 

0.00 

0.00 

T.     0.00 

0.20 

T. 

O.ol 

T. 

T. 

1.55 

1887-88... 

1.09 

0.02 

2.43 

0.15 

0.18 

0.06 

0.06 

T. 

0.00 

0.00 

0.04 

T. 

4.01 

1888-89... 

0.01 

0.99 

0.68 

0.06 

1.12 

0.06 

0.24 

0.00 

0.00 

T. 

T. 

0.25 

4.30 

1889-90... 

0.00 

0.50 

T. 

2.43 

T. 

0.86 

T. 

0.37 

0.43 

0.00 

0.00 

0.67 

5.35 

1890-91... 
1801-92... 

0.64 
T. 

0.00 
1.86 

2.53 
0.87 

T. 
0.52 

0.00 
T. 

T. 
0.06 

0.00 
0.00 

0.04 
0.00 

0.06 
O.OS 

0.00 

0.00 

0.06 

3.36 

1882-93... 

0.04 

0.00 

0.00 

T. 

T. 

[0.57] 

1.63 

0.00 

0.31 

0.00 

0.40 

0.42 

3.27 

1898-04... 

0.30 

0.00 

0.30 

0.11 

0.00 

T. 

0.74 

0.00 

T. 

0.00 

0.36 

0.10 

1.01 

1894-96... 
Mean.. 

0.51 

0.84 

0.00 

0.40 

0.77 

0.17 

0.21 

0.30 

0.53 

0.42 

0.57 

0.29 

0.00 

0.07 

0.14 

0.36 

3.15 

Miscellaneous  rainfall  cbservations  in  Arizona,  1896. 


stations.  ;Ei«™- 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June.  July. 

Aug.  Sept.  Oct. 

1 

Nov. 

MJ^C^ 

Total. 

Buttes. 

Pinal.. 

Whit- 
lows . 

Silver 
King- 

1,600 
2.550 

2,050 

3,660 

0.66 

0.16 

0.77 

0.12 
0.20 

0.00 
0.00 

0.00 

0.00 

0.00 
0.00 

0.06 

0.00 

3.10 
2.13 

2.67 

4.74 

0.90 
1.19 

1.58 

3.08 

1.60 
0.00 

1.68 

2.73 

1.27 
3.28 

3.16 

3.66 

0.67 
1.22 

1.21 

3.40 

1.00 
1.27 

0.01 

0.90 

10.43 
21.16 

2.25 

0.35 

0.00 

0.10 
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WIND. 

The  amount  and  violence  of  the  wind  movement  is  of  considerable 
importance  in  a  climate  such  as  that  of  Arizona,  on  account  of  its 
effect  not  only  upon  the  vegetation  but  also  to  a  certain  degree  upon  the 
comfort  of  the  inhabitants.  A  considerable  amount  of  wind  is  not 
only  injurious  to  fruit  trees,  but,  by  continually  keeping  the  dust  in 
motion  in  such  an  excessively  dry  country,  renders  outdoor  life 
extremely  annoying  to  persons  who  from  lung  or  throat  troubles  seek 
refuge  in  an  arid  climate.  Fortunately,  as  indicated  by  the  records 
and  shown  by  common  experience,  the  wind  movement  in  the  Salt  and 
Gila  valleys  is  relatively  small,  so  that  the  orchards  are  rarely  injured 
and  the  amount  of  dust  in  the  air  is  not  often  noticeable.  With  everj- 
advantage  of  this  kind  there  may  be  a  small  loss,  and  in  this  case  the 
principal  drawback  is  in  the  fact  that  windmills  can  not  be  used  to  as 
.great  advantage  in  pumping  water  as  out  upon  the  Great  Plains, 
where  the  wind  has  a  sweep  found  nowhere  else  and  prevails  through- 
out the  year. 

Wind  movements  have  been  carefully  recorded  at  a  number  of  places 
within  the  Territory,  the  principal  of  these  within  or  near  the  Gila 
Basin  being  Fort  Apache,  Fort  Grant,  Phoenix,  Prescott,  and  Yuma. 
The  record  at  Phoenix  from  1879  to  1881  gives  an  average  hourly  wind 
movement  of  only  2.4  miles.  This  small  amount  is  accounted  for  by 
the  fact  that  the  anemometer  was  exposed  only  19  feet  above  the 
ground.  As  stated  by  the  Chief  of  the  Weather  Bureau,  in  August, 
1895,  when  the  station  was  reestablished,  the  anemometer  was  placed 
57  feet  above  the  ground,  giving  considerable  higher  velocities,  the 
monthly  averages  being  about  5  miles  per  hour,  or  more  than  twice 
those  previously  obtained.  The  averages  for  Fort  Apache  were  6.4 
miles  per  hour,  for  Fort  Grant  6.8,  for  Prescott  6.9,  and  for  Yuma  6.1, 
all  of  these  being  low  in  consideration  of  windmill  efficiency. 

The  distribution  of  wind  through  the  day  is  very  clearly  marked. 
Beginning  at  about  10  o'clock  in  the  morning,  the  wind  usually 
increases  from  about  3  miles  per  hour  up  to  from  8  to  12  miles  per 
hour  at  3  o'clock  in  the  afternoon.  At  sundown  it  decreases,  drop- 
ping off  rapidly  until  midnight,  and  slowly  decreasing  in  force  until 
about  the  middle  of  the  forenoon  of  the  next  day.  Thus,  as  a  rule, 
nearly  all  of  the  effective  wind  movement  occurs  within  six  hours  in 
the  afternoon,  or  from  about  1  or  2  o'clock  until  about  sundown. 
The  distribution  of  wind  through  the  year  is  comparatively  uniform, 
the  greatest  amount  being  in  the  spring  months,  the  strength  decreas- 
ing notably  during  September  and  October.  By  erecting  tall  wind- 
mills in  well-exposed  localities  it  may  be  practicable  to  utilize  these 
to  a  notable  extent  in  pumping  water  for  irrigation,  but  to  attain 
success  these  must  be  proportioned  to  the  prevailing  strength  of  the 
wind  and  to  the  work  to  be  done.     Even  if  these  operate  during  only 
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one-fourth  of  the  day,  it  may  be  possible,  by  providing  suitable  small 
ponds  or  earthen  tanks,  to  hold  sufficient  water  for  the  irrigation  of 
gardens  and  a  small  area  of  forage  plants. 

PRODUCTS. 

It  need  hardly  be  stated  that  on  the  deep  alluvial  soil  of  the  valleys 
in  such  a  climate  as  that  described  the  growth  of  nearly  all  kinds  of 
vegetation  is  luxuriant  if  only  sufficient  water  be  applied.  All  warm 
temperate  and  many  semitropic  products  flourish  here,  and  most  of 
them  produce  in  an  abundance  indicated  by  the  favorable  climate. 
The  principal  crops  now  grown  are  alfalfa,  wheat,  and  barley,  with 
more  or  less  of  peaches,  grapes,  apricots,  oranges,  and  other  fruits^ 
and  a  variety  of  vegetables. 

Gila  Valley  aspires  to  competition  with  California  in  the  citrus  fruit 
market,  and  a  number  of  thriving  orange  groves  indicate  that  in  cer- 
tain localities  the  climate  and  soil  are  favorable  to  success.  Although 
there  have  been  many  failures,  mainly  from  frost,  it  should  be  remem- 
bered that  this  has  been  the  case  in  every  citrus  region  at  first,  and 
that  even  in  California  only  occasional  spots  and  strips  are  sufficiently 
free  from  frost  and  other  foes  of  the  citrus  family  to  be  profitably 
devoted  to  this  branch  of  fruit  culture.  Past  experience  seems  to 
indicate  that,  as  in  California,  there  are  exceptional  thermal  belts 
sufficiently  exempt  from  frost  to  permit  profitable  growth  of  oranges 
and  lemons,  but  such  belts  can  be  located  only  by  observation  and 
experience,  and  their  discovery  is  often  preceded  by  failures  due  to- 
ignorance  or  disregard  of  the  true  conditions. 

There  are  two  respects  in  which  Arizona  seems  to  enjoy  a  decided 
advantage  over  California  in  the  production  of  citrus  fruits:  First,  the 
extreme  heat  and  aridity  of  the  climate  are  claimed  to  be  unfavorable 
to  the  development  and  spread  of  such  enemies  of  citrus  growth  as 
the  scale  bug  {Aspidiotus  perniciosns)  in  its  several  varieties;  second, 
oranges,  as  well  as  some  deciduous  fruits,  mature  from  two  to  four 
weeks  earlier  than  in  most  parts  of  California,  and  they  thus  secure  the 
advantage  of  an  early  market,  which  is  alwaj^s  the  best.  The  lemons, 
produced  in  this  valley  are  beautiful  in  appearance,  of  large  size,  and 
of  excellent  flavor.  It  would  appear  that  this  valley  is  under  a  dis- 
advantage owing  to  the  inconvenience  or  expense  of  curing  lemous> 
which  process  requires  the  steady  maintenance  of  a  low  temperature. 
The  great  distance  from  any  sufficiently  cool  climate  and  the  expense 
of  maintaining  local  refrigeration  seem  to  stand  in  the  way.  Claims, 
are  made  that  the  Arizona  product  does  not  require  curing  as  in  other 
lemon-growing  regions,  but  this  claim  seems  not  yet  to  be  well  estab- 
lished. Undoubtedly,  however,  though  lemon  culture  will  be  somt  ► 
what  more  restricted  than  orange  culture,  it  has  come  to  stay.  The 
actual  location  and  development  of  favorable  localities  along  the  lines 
mentioned  will  be  slow,  but  enough  is  known  to  guarantee  the  fact 
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t  if  citrus  culture  continues  as  profitable  as  it  has  been  in  the  past, 
zona  will  some  day  be  one  of  the  important  competitors  for  a  share 
.lie  citrus  market. 

'his  valley  appears  to  be  preeminently  the  home  of  the  grape. 
Die  grapes  of  good  quality  and  wine  grapes  yielding  a  very  superior 
duct  may  be  grown  here  in  abundance,  as  already  proved  by 
►erience.  Undoubtedly,  also,  the  raisin  industry  will  some  day  be 
>ortant,  and  the  hot,  dry  summers  are  favorable  to  the  production 
L  superior  article.  In  one  respect,  however,  this  valley  is  under  a 
advantage  as  compared  with  southern  California,  in  that  it  is  more 
^ly  to  receive  sudden  showers  of  rain  during  the  curing  season, 
'laims  are  also  made  of  the  superiority  of  this  region  for  such  prod- 
s  as  figs,  prunes,  almonds,  pomegranates,  olives,  and  even  dates, 
doubtedly  figs  and  prunes  can  be  successfully  grown,  and  the  experi- 
t«  obtained  with  almonds  both  in  this  and  other  localities  seems  to 
tify  the  claims  made  regarding  this  product,  but  most  of  the  other 
its  mentioned  are  still  in  the  experimental  stages.  It  is  doubtful 
iates  can  be  profitably  grown  except  in  some  favored  and  well-. 
•Itered  localities.  Apples  appear  not  to  do  well  in  a  climate  like 
.t  of  Arizona.  Even  those  varieties  which  can  be  abundantly 
vm  are  inferior  in  quality  and  quickly  decay.  This  fruit  is  better 
tpted  to  a  colder  climate.  The  same  appears  to  be  true  in  a  less 
Cree  of  pears.  Most  small  fruits  yield  abundantly,  and  so  far  have 
^n  very  profitable. 

Hie  quantities  of  fruits  and  vegetables  which  have  been  exported 
m  Arizona  are  inconsiderable.  On  the  contrary,  large  quantities 
some  kinds  are  annually  imported  for  consumption  in  the  industries 
mining  and  grazing.  These  two  interests  are  the  main  sources  of 
portable  products,  and  agriculture  and  horticulture,  so  far  as  devel- 
ed,  are  devoted  chiefly  to  satisfying  their  wants.  Alfalfa  may  be 
ken  as  the  staple  agricultural  product,  and  is  largely  utilized  in  the 
ttening  of  cattle  grown  on  the  ranges  of  the  adjacent  mountains  and 
othills.  Large  areas  of  this  productive  forage  plant  are  used  as 
wtnre,  while  others  are  utilized  for  maturing  hay.  Barley  is  largely 
^  as  hay,  and  also  furnishes  the  bulk  of  the  grain  fed  to  live  stock 
the  valley. 

METHODS  OF  APPLYING  WATER. 

Alfalfa  and  the  grains  being  the  principal  crops  of  this  region,  it 
*y  readily  be  inferred  that  the  usual  method  of  applying  water  in 
^gation  is  by  flooding  the  ground,  since  these  products  lend  them- 
'^ves  to  this  method  most  readily.  This  system,  as  is  well  known,  is 
^  susceptible  of  great  wastefulness  in  its  application,  especially  in 
*  ultra-arid  climate,  since  it  wets  the  whole  surface  of  the  ground 
^^  gives  full  scope  to  evaporation,  and  is  often  followed  by  baking, 
hich  favors  the  rise  of  underground  waters  to  the  surface  to  evaporate. 
IRB  2 3 


^ 


IBRIOATION  NEAR  PHCENIX,  ABIZONA. 


[HO.t. 


Xn  the  irrigatioB  of  fruit  trees  and  vines  the  furrow  method  is  used, 
wliioh,  when  properly  employed,  is  an  excellent  method.  PI.  VII 
Hh.ow8  the  ground  properly  prepared  for  the  furrow  method  of  irriga- 
tion. The  water  is  turned  into  each  furrow  at  the  upper  edge  of  the 
field  in  just  sufficient  quantity  to  run  freely  down  the  furrow  without 
erosion,  and  soaks  gradually  away  downward  and  sidewise.  As  soon 
as  it  reaches  the  lower  end  of  the  furrow  it  is  shut  off  at  the  upper 
end ;  thus  only  a  small  percent^e  of  the  surface  of  the  ground  is  wet, 
and  the  water  reaches  the  roots  of  the  trees  at  some  distsnoe  below 
the  surface.  A  light  cultivator  should  follow  irrigation,  filling  the 
furrows  with  loose  earth  and  leaving  the  surface  of  the  ground  level 
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and  dry,  so  that  the  minimum  of  evaporation  takes  place  and  no  sat- 
urated surface  is  exposed  to  bake  in  the  hot  sun.  Unfortunately, 
however,  the  predominance  of  the  flooding  system  seems  to  influence 
irrigation  by  means  of  furrows,  and  the  water  is  often  so  laA-ishly  and 
carelessly  applied  that  the  ground  is  almost  flooded,  and  the  water 
stands  in  pools  and  furrows  until  the  field  becomes  an  absolute  bog, 
a  condition  which  is  not  only  most  wasteful  of  water,  but  actually 
injurious  to  the  irrigated  corps,  by  shutting  off  the  ventilation  of  the 
roots.  It  also  interferes  with  cultivation,  causes  the  ground  to  bake, 
and  allows  the  weeds  to  start.  This  is,  however,  by  no  means  the 
universal  practice,  and  many  of  the  irrigators  are  approaching  more 
and  more  nearly  to  ideal  methods  of  irrigating.     The  Arizona  Improve- 
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ment  Company  is  setting  an  excellent  example  in  this  respect,  as  are 
also  some  of  the  individual  irrigators,  and  the  neat  appearance  of  the 
orchards  might  profitably  be  emulated  by  many  a  city  park. 

WATER  SUPPLY. 

In  comparison  with  the  size  of  the  Territory  and  the  importance  of 
its  water  resources,  the  hydrographic  data  are  very  meager.  Some 
measurements  of  stream  flow  were  made  in  1889  and  1890  by  the 
Tnite^  States  Irrigation  Survey  at  a  point  about  14  miles  above  Flor- 
ence, on  the  Gila  River,  known  as  The  Buttes.  Gaugings  at  this  point 
vere  resumed  in  December,  1895,  and  are  still  being  carried  on,  the 
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Fio.  8.— Daily  discharge  of  Salt  River  at  Arizona  dam,  1888-1891. 


results  being  used  also  to  estimate  the  discharge  from  gauge  readings 
and  soundings  taken  during  the  fall  of  1895  by  private  parties.  Meas- 
urements have  also  been  made  by  the  United  States  Government  of 
the  discharge  of  Queen  Creek,  a  small  intermittent  stream  tributary 
to  the  Gila  River. 

Approximate  estimates  of  the  discharge  of  Salt  River  were  made 
by  Mr.  Samuel  Davidson  from  data  obtained  by  the  Arizona  Cana- 
Ck>napany  at  its  dam  a  short  distance  below  the  junction  of  the  Salt 
and  Verde  rivers. 

Measurements  of  discharge  have  been  more  recently  made  on  Salt 
and  Verde  rivers  by  the  Hudson  Reservoir  and  Canal  Company.  Sur- 
face velocities  were  measured  by  means  of  jfloats,  and  eight-tenths  of 
the  result  thus  obtained  was  assumed  as  the  mean  velocity,  and  mul- 
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tiplied  into  the  cross  section  determined  by  sounding,  to  obtain  the 
discharge,  the  sum  of  the  discharges  of  both  being  adopted  as  the  flow 
of  Salt  River  below  the  junction.  The  measurements  were  begun  on 
February  4,  1895,  and  were  continued  through  the  year  without  inter- 
ruption except  on  the  four  days  from  October  4  to  7,  inclusive,  on 
Verde  River,  which  was  during  that  time  inaccessible.  An  estimate 
for  those  four  days  has  been  made  from  the  highest  watermark  found 
at  the  gauge  and  from  such  other  data  as  were  available.  Also,  for  the 
month  of  January,  one  of  the  most  important  flood  months  of  the  year, 
estimates  have  been  prepared  from  the  daily  record  taken  at  the  Ari- 
zona dam,  about  a  mile  below  the  junction  of  the  two  rivers.  It  appears* 
from  all  available  data  that  Salt  River  furnishes  a  considerably  larger 
proportion  of  water  than  Verde  River,  and  the  assumption  has  been 
made  that  60  per  cent  of  the  January  flow  at  the  Arizona  dam  came 
from  Salt  River  above  the  Verde. 
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Tlie  results  of  the  computed  discharges  for  each  locality  are  giveu 
in  tlie  following  tables: 

Estimated  monthly  dUcharge  of  Salt  River  at  Arizona  dam,  Arizona, 

[Drainage  area,  12,2960  square  milea.] 


Month. 


1888. 


Aagtuit  — 
September. 

October 

Koyember . 
December  . 

1880. 

Jannarj  ... 
February.. 

March 

AprO 

May 

Jane 

July 

August 

September. 

October 

Noyember . 
December  . 


1890. 


January  ... 
February . . 

ICarch 

April 

May 

June 

July 

August  — 
September. 

October 

November . 
December  . 

1891. 


Discharge. 


January . 
February 


Maxi 
mam. 


Second- 
feet 


Mini- 
mum. 


Second- 
feet. 


360 

5,760 

43,489 

24.963 

8,940 

33,794 

5,569 

1,784 

615 

1,811 

755 

1,172 

704 

629 

26,871 

15,750 

143,288 

17,228 

2,077 

1,360 

672 

872 

7,734 

3,686 

7,465 

30,504 

30,366 


17,127 
300,000 


300 

425 

1,666 

1,666 

1,534 

8,563 

2,496 

622 

356 

334 

389 

389 

319 

532 

557 


1,376 

1,045 

2,566 

1.369 

630 

397 

307 

1,114 

725 

753 

766 

1,110 


1,060 
826 


Mean. 


Second- 
feet. 

350 

360 

331 

842 

6,696 


5,947 

2,605 

8,745 

8,975 

1,089 

470 

495 

417 

521 

440 

576 

5,686 


4,982 

10,007 

6,421 

1.840 

914 

511 

524 

3,885 

2,339 

2,768 

4,717 

6,259 


3,416 
30,201 


Total 

for 

month. 


Acre- 
feet. 

21,525 

20,825 

20,356 

50,009 

411,927 


865,740 

144,577 

587,817 

286,512 

68,896 

27.966 

80,622 

25,645 

81,000 

27,060 

34,272 

349,689 

806,398 

560,388 

304,891 

109,480 

66,211 

30.404 

32.226 

238.927 

139,170 

160.232 

280,661 

384,928 


210.084 
2,175,656 


Run-off. 


Depth. 


Inches. 
0.08 
0.08 
0.08 
0.08 
0.63 


0.56 
0.22 
0.82 
0.86 
0.10 
0.04 
0.06 
0.04 
0.05 
0.04 
0.06 
0.58 


0.47 
0.86 
0.60 
0.17 
0.09 
0.05 
0.05 
0.87 
0.21 
0.26 
0.43 
0.50 


0.82 
8.32 


Per 

square 

mUe. 


Second- 
feet. 

0.028 

0.028 

0.027 

0.068 

0.545 


0.48 
0.22 
0.71 
0.82 
0.06 
0.04 
0.04 
0.06 
0.04 
0.04 
0.06 
0.46 


0.40 
0.82 
0.52 
0.15 
0.06 
0.04 
0.04 
0.32 
0.19 
0.23 
0.38 
0.61 


0.28 
8.10 
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EtHmated  diaeharge  of  Verde  River  above  Salt  River,  Arizona. 
[DraiuaBe  u-e«,  1,000  aqture  mUes  ] 


Month. 

Total 
tor 

month. 

Run-Off. 

Xaxl- 

HiDl- 

UeuL 

Depth. 

Per 

■ST 

1898. 

JuiiuuT 

33.000 

S,MO 
8.400 

s.eoo 

leo 

i.m 
sts 

8,912 

1.800 

Stamd- 

m 
«a 

1,887 

128 

185 

241 
315 

Stcond- 
f«t 
4.087 

1,888 
0,78) 
7S0 
2S8 
1S3 

38» 

178 

483 

301 

Aere- 

J,ct. 

248.225 
SB.  747 

228,734 
44,828 
ifi.864 
8,104 
8,  MS 
22,071 
10.473 
W,207 
27,560 
24,042 

0.77 

o.n 

071 

Stoomt- 
fttt. 

0.87 
0.28 

0.01 
0.08 

o.(e  \ 
0.08    , 
0.00    1 
0.08 
0.08 
0.07 

Anrfl 

0.01 
0,08 
0.02 
0.07 

o.oe 

0.08 
0,08 
0.M 

BepKnuber 

Decombar 

Total,  year.... 
IMS. 

JanwuT 

Pebroary 

39.000 

118 

1,051       782,681 

2.38 

0.18 

351 

asT 

208 
IJT 

3.a» 

2T8 
288 

101 

324 

278 

172 
117 

18,871 

10,576 
8.882 
53,127 

0 
0 

08 

08 

03 
08 

0.06 

0.05 
0.04 
<\.K    i 

a.(B  j 

0.14     1 

yy-  . 


Pio.  4.— Dally  discharge  of  Rio  Verde  abovn  Salt  HiTer,  1WI&. 
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Eatimaitd  dimsharge  of  Bait  River  above  moath  of  Verde  River,  Aritona. 

[Drainage  kTH,  OiSM  wiiiar«  milca.  ] 


Month. 

Ran-off. 

X«il- 

VlDl- 

Mon. 

J^^ 

Depth. 

Per 

mile. 

iuaarr 

Febnwry 

Srcond- 
/»(. 
W.7M 
3.  KB 

a,a« 

2,839 

wa 

50O 

ew 

1.518 

gu 

13.206 
2.  AM 

TOl 

1,8W 

1.0M 

KB 

201 
SI3 

/«r. 

s.7sa 

l.«S 

l.SS 

i.«ao 
me 

2IH 

SM 

3ai 

8S8 

m.m 

M,2S1 
1U.M1 
110,  cs 
43.633 
1B.3» 
12,  H3 
3S.9aa 

le.sn 
w.su 

81.878 

0.83 
0.83 

0.18 
0.06 

0.10 

0.06 

o.a 

0.16 

Sfcond- 

f»t. 

o.n 

0.28 
0.11 

a.os 
n.oa 

0,08 

0.26 

0-ffl 

Beptember 

Deoembw 

Tot*l,y»*r.... 

FebmuT 

w.;m  {        lit 

l,M8 

LOIS,  134 

3.06  1       0 

■= 

3,  an 

m 

332 

t,3n 

4G' 
MS 
3»S 
IW 

470 
I.ISS 

si.am 

2T,380 
72.863 

2r,42i 
13,328 
30,292 

0 

0 

0 

£2 
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0-08 
0.1B 
0.1B 
0.07 
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The  following  table  shows  the  discharge  of  Gila  River  for  the  seaso 
of  1889-90,  measured  by  the  irrigation  survey,  and  the  results  froi 
measurements  still  in  progress  for  the  season  just  closed: 

Estimated  discharge  of  Oila  River  at  The  Buttes,  An  zona. 

[Drainage  area,  13,750  square  miles.] 


Month. 


1889. 

September. 

October 

November . 
December  . 


1890. 

January  . 
February 

March 

April 

May 

June 

July 

August... 


Total,  year. 


1805. 

August 

September. 

October 

Noyember , 
December. . 


1806. 

January .. 
February . 

March 

April 

May 

June 

July 

August 

September . 

October 

November . 
December.. 


Total,  1896. 


Discharge. 


Maxi- 
mum. 


Mini- 
mum. 


Second- 
feet. 

210 

210 

250 

890 


2,1(J0 
1.5U 

no 

833 

150 

35 

3,112 

6,330 


3,010 
2,880 
12,000 
7,500 
1.160 


Second- 
feet. 

90 

140 

156 

124 


310 

405 

300 

158 

35 

27 

11 

1.115 


Mean. 


Second- 
feet. 

128 

157 

212 

275 


680 

578 

387 

838 

87 

28 

130 

3,137 


Total 

for 

month. 


536 
900 
400 
300 
518 


560 

340 

a56 

340 

68 

32 

11,708 

3,150 

2,a^)0 

7,243 

M,   Ml  O 

710 
11,708 


250 

175 

153 

68 

12 

1 

1 

175 

45d 

1.090 

606 

576 


1.583 

812 

1,577 

1,108 


751 


Acre- 
feet. 

7,616 

9,655 

12,614 

16,909 


41,812 

32,100 

23,795 

14,161 

5.350 

1.666 

7,905 

192,888 


366,561 


396 

200 

242 

180 

32 

5 

1,441 

810 

080 

4.145 

1,037 

629 


1 


842 


97,336 
48,317 
96,966 
65,633 
41.627 


24,349 

12,082 

14,880 

10,710 

1,968 

298 

88,6(H 

49,805 

58,314 

254,867 

61,706 

;J8,676 


ttl«.201 


Run-off. 


Depth. 


Inches. 
0.010 
0.013 
0.017 
0.083 


0.056 
0.043 
0.082 
0.019 
0.007 
0.002 
0.010 
0.263 


0.133 
0.065 
0.133 
0.080 
0.066 


Per 

square 

mile. 


Second- 
feet. 

0.009 

0.011 

0.015 

0.000 


0.049 
0.042 
0.028 
0.017 
0.006 
0.002 
0.009 
0.228 


0.115 
0.060 
0.115 
0.080 
0.040 


0.032 

0.016 

0.021 

0.014 

0.002 

0.0003 

0.121 

0.068 

0.079 

0.347 

0.083 

0.053 


0.839 


0.028 
0.015 
0.018 
0.013 
0.002 
0.008 
0.106 
0.059 
0.071 
0.31)1 
0.075 
0.046 


0.062 


In  the  above  table  the  discharge  for  the  period  from  August  1  U 
D«'cember  10, 1895,  is  estimated  from  observations  of  mean  depth  anc 
width  made  by  Mr.  W.  Richius,  and  can  be  considered  only  asarougl 
approximation. 
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Estimated  monthly  discharge  of  Queen  Creek,  WhitUnos,  Arizona, 

[Drainage  area,  148  fiqaare  miles.] 


• 

Month. 

Discharge. 

Total 

for 
month. 

Run-off. 

Mazi- 
mnm. 

Mini- 
mum. 

Mean. 

Depth. 

Per 

square 

mile. 

1886. 

January  

Pebmary 

Second- 
feet. 

2 

2 

2 

2 

1 

1 

9,000 

1,438 

3,428 

1,188 

80 

207 

Second- 
feet. 

2.0 

2.0 

2.0 

1.0 

1.0 

1.0 

0.0 

0.6 

0.6 

0.6 

0.6 

0.6 

Second- 
feet. 

2.0 

2.0 

2.0 

1.6 

1.0 

1.0 

121.6 

13.1 

17.1 

13.3 

1.3 

2.0 

jicre- 
feet. 

123 

116 

123 

87 

61 

60 

7,480 

806 
1,016 

820 
80 

120 

Inches. 
0.016 
0.016 
0.016 
0.011 
0.008 
0.008 
0.980 
0.106 
0.134 
0.108 
0.010 
0.016 

Second- 
feet. 

0.014 

0.014 

0.014 

0.010 

0.007    ! 

April 

May 

Jane 

0.007 

July 

0.850 
0.002 

o.iao 

0.068 
0.009 
0.014 

Aair^ut  --- 

September 

October 

November 

December 

Total,  year.. 

9.000 

0.0 

15.0 

10,890 

1.428 

0.104 

DUTY  OP  WATER. 


The  actual  attained  duty  of  water  in  Salt  River  Valley  was  approxi- 
mately determined  in  the  year  1895.  According  to  figures  furnished 
by  the  Arizona  Improvement  Company,  about  60.000  acres  were  irri- 
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Fio.  8.— Daily  discharge  of  Queen  Creek. 

gated  on  the  north  side  of  Salt  River  in  that  year.  Of  this,  abort 
34,000  acres,  or  more  than  one-half,  was  in  alfalfa;  over  one-fourtl 
was  in  grain,  and  the  remaining  portion,  or  about  one-sixth,  wa 
chiefly  in  fruit  and  garden  or  was  occupied  by  streets  and  lots  o 
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the  city  of  Phoenix.  The  total  amount  of  water  furnished  for  this 
area  is  stated  to  have  been  sufi&cient  to  cover  the  tract  an  average  of 
4.6  feet  in  depth.  Mr.  Samuel  Davidson,  who  has  given  this  matter 
careful  study,  states  that  the  average  amount  of  water  used  upon  an 
acre  of  alfalfa  is  over  5  acre-feet;  the  amount  for  grain,  which  is  of 
short  season,  is  1^  feet  in  depth,  while  fruits  require  somewhat  more 
than  grain  but  less  than  alfalfa,  probably  an  average  of  3  feet  in 
depth.  As  much  as  11  acre-feet  of  water  has  been  applied  in  the 
growing  of  alfalfa  in  this  valley. 

The  duty  of  water,  as  indicated  by  past  experience  and  present 
usage,  can  be  greatly  increased.  During  the  winter  and  early  spring, 
owing  to  melting  of  snow  in  the  mountains,  the  river  furnishes  a 
much  larger  volume  of  water  than  through  the  rest  of  the  year.  The 
abundance  of  water  at  this  time,  together  with  the  knowledge  that  it 
will  be  scarce  later  in  the  season,  induces  the  irrigators  to  apply  it 
very  lavishly  while  they  have  it,  and  in  this  manner  a  great  excess 
reaches  the  land,  standing  in  pools  and  furrows  for  a  time,  and  large 
quantities  evaporating.  Other  quantities  seep  away  to  reappear  in 
the  bed  of  the  river,  where,  after  the  deduction  of  another  large  pro- 
portion by  evi^K)ration,  they  are  rediverted  for  irrigation  by  the 
lower  canals.  The  amount  of  this  seepage  was  measured  by  Mr. 
Cyrus  C.  Babb  in  June,  1896,  and  the  results  showed  in  one  case  an 
increase  of  over  80  second-feet  in  a  distance  of  7  miles. 

Another  prolific  source  of  waste  of  water  is  the  large  number  of  long 
laterals  required  to  reach  the  scattered  tracts  of  irrigated  land.    Less 
than  half  the  irrigable  land  below  the  Arizona  Canal  is  actually  cul- 
tivated, and  the  utilization  of  some  of  the  farms  requires  the  construc- 
tion of  long  laterals  carrying  small  quantities  of  water,  from  which 
the  loss  by  seepage  and  evaporation  is  great.    Judge  Kibbey,  in  the 
opinion  hereafter  quoted,  states  that  the  loss  of  water  which  is  carried 
in  small  ditches  for  the  purpose  of  watering  stock  is  alone  sufficient 
for  the  reclamation  of  10,000  acres  of  land,  if  properly  applied  to 
irrigation. 

If  all  the  irrigable  lands  under  the  canals  were  brought  under  cul- 
tivation and  water  supplied  to  them  in  the  most  economical  manner 
practicable,  irrigation  carried  on  both  night  and  day,  and  each  irri- 
gator allowed  the  use  of  a  measured  quantity  of  water  for  a  certain 
number  of  hours,  unquestionably  the  duty  of  water  could  be  greatly 
increased.  Probably  it  would  ultimately  be  found  that  2  acre-feet 
per  year  would  on  the  average  be  sufi&cient  for  an  acre.  The  great 
aridity  of  this  climate  will  always  necessitate  the  use  of  larger  quan- 
tities of  water  than  would  be  necessary  for  the  same  results  in  a  more 
humid  climate. 

As  shown  on  page  46,  the  Florence  Canal  takes  from  Gila  River 
neariy  10  acre-feet  of  water  for  each  acre  irrigated,  but  this  can  not 
be  considered  in  any  sense  indicative  of  the  duty  of  water,  as  the 
major  portion  is  lost  by  seepage  and  evaporation. 
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SILT  AND  ALKALI. 

As  indicated  by  its  name,  Salt  River  carries  a  notable  quantity 
mineral  matter  in  solution.  It  becomes  an  interesting  question,  tht 
fore,  whether  its  use  in  irrigation  will  eventually  lead  to  deteric 
tion  of  the  soil  through  the  deposit  of  alkaline  salts.  Over  mos 
the  valley  no  such  injurious  effects  are  noticeable.  This  may  be  < 
partly  to  the  excess  of  water  applied,  which,  escaping  to  the  subs 
carries  the  salts  in  solution  and  bears  them  away  through  the  gra^ 
to  the  river  bed;  and  accordingly  it  is  found  that  where  the  fields 
underlain  at  a  reasonable  depth  by  beds  of  gravel  no  accumulal 
of  salts  is  noticeable,  while  in  the  vicinity  of  Tempe,  where  the  s 
soil  is  practically  impervious,  and  where  the  ground  water  is  near 
surface,  considerable  tracts  of  land  are  to  be  seen  impregnated  m 
alkali,  some  of  it  to  such  an  extent  as  to  be  of  little  use  in  its  pres 
condition  except  for  grazing.  Inquiry  among  the  inhabitants  lei 
to  the  conclusion  that,  although  such  alkaline  indications  were  noti 
able  before  irrigation  became  extensive  in  this  valley,  these  an 
have  been  greatly  increased  since  that  time,  either  from  the  rise 
alkali  from  the  subsoil  or  from  its  deposit  upon  the  land  by  the  ii 
gating  waters,  for  which  adequate  drainage  was  not  provided.  So; 
tracts  of  land  have  even  been  abandoned  from  this  cause. 

It  has  been  stated  that  a  great  excess  of  water  is  applied  in  t 
valley  for  irrigation  and  that  the  progress  of  methods  of  economy  a 
the  storage  of  surplus  waters  in  the  mountains  will  undoubtedly  le 
to  a  much  more  sparing  application.  The  question  naturally  aris 
therefore,  whether,  when  the  abundant  leaching  which  is  provided 
the  seepage  downward  of  the  excess  waters  is  discontinued,  the  fie 
in  the  vicinity  of  Phoenix  and  Mesa  will  not  become  impregnated  w 
salts  to  an  injurious  extent.  Any  such  fear  seems  to  be  entir 
unfounded.  The  whole  valley,  with  the  exception  of  the  area  in 
vicinity  of  Tempe  above  mentioned,  seems  to  be  so  thoroughly  und 
laid  with  coarse  gravel  that  it  will  be  entirely  practicable  at  any  ti 
to  leach  out  the  salts  by  the  application  of  a  large  quantity  of  irrig 
ing  water  for  that  purpose.  At  intervals  of  several  years,  also,  th 
occur  heavy  rainfalls  in  these  valleys,  which,  from  their  sudden  nat 
and  long  intervals,  can  not  be  depended  upon  for  assistance  in  a| 
culture,  but  which  will  always  be  of  value  for  leaching  the  soil  in 
manner  above  referred  to. 

MIDDLE  GILA  VALLEY. 

There  are  several  ditches  built  to  divert  water  from  the  Gila  Ri 
in  Pinal   County,  but  they  have  all  been  practically  abandoi 
except  the  Florence  Canal,  on  the  south  side,  and  the  McClellan  i 
Arthur  ditches,  on  the  north  side  of  the  river.     This  is  due  to 
shortage  of  water  in  recent  years,  caused  probably  by  increa 
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diversions  in  the  upper  part  of  the  Gila  Basin.  The  upper  or  Arthur 
is  a  private  ditch  heading  just  below  The  Buttes,  without  diversion 
works,  and  carries  about  4  second-feet  of  water  for  a  distance  of 
about  6  miles,  the  loss  in  the  sandy  river  bottom  being  great. 

The  McClellan  ditch  heads  about  6  miles  below  the  Arthur,  and  is  a 
private  ditch  with  a  capacity  of  14  second-feet.  Water  isdivert^ed  by 
means  of  a  "burro"  dam,  which  consists  of  a  forked  stick  driven 
into  the  river  bed,  inclined  slightly  up  stream,  supporting  in  its  forks 
another  stick  with  its  end  driven  diagonally  into  the  sand  6  or  8  feet 
above.  A  series  of  these  so-called  '*  burros"  are  constructed  across 
the  stream  and  support  a  mass  of  sticks  and  brush,  which  is  finally 
weighted  down  with  rocks  and  sand.  This  character  of  dam  is  quite 
common  for  small  ditches  in  the  West,  and  of  course  usually  requires 
renewal  after  the  season  of  high  water. 

FLORENCE  CANAL. 

The  Florence  Canal  heads  about  3  miles  below  The  Buttes,  on  the 
south  side  of  the  river.  The  water  is  diverted  by  means  of  an  arti- 
ficial shoal  of  rock  placed  diagonally  across  the  stream.  The  head- 
gate  of  the  canal  is  founded  upon  bed  rock  and  is  constructed  of 
wood-  The  grade  of  this  canal  is  about  2  feet  per  mile.  Near  the 
head  it  is  45  feet  in  width,  and  was  originally  constructed  to  carry 
about  4  feet  of  water,  but  a  shortage  of  water  and  financial  difficul- 
tly have  led  to  the  neglect  of  the  banks  constructed,  so  that  at  pres- 
ent it  is  not  practicable  to  run  much  more  than  2  feet  of  water  in  the 
canal.  Observations  of  the  flow  of  this  canal  have  been  carried  on 
during  the  year  1896,  and  are  given  in  the  table. 

About  20  miles  below  the  head  of  the  canal  a  reservoir  is  constructed 
on  the  McClellan  wash,  as  indicated  on  the  map  (PL  XXX).  Tliis 
reservoir  is  formed  by  an  earthen  embankment  or  dike  more  than  2 
miles  in  length,  vrith  a  maximum  height  of  about  20  feet.  The  area 
of  the  reservoir  is  in  the  neighborhood  of  1,800  acres,  and  the  average 
depth  probably  6  or  7  feet.  This  reservoir  has  proved  to  be  of  great 
value  in  conserving  the  winter  waters  carried  by  the  Florence  Canal 
when  there  is  an  abundance  in  the  Gila  River,  and  also  the  night  dis- 
charge of  the  canal  throughout  the  season,  to  be  used  on  the  lower 
extension  of  the  canal,  which  flows  westward  from  the  reservoir. 

In  the  absence  of  any  other  method  of  conserving  the  winter  waters 
such  a  reservoir  is  valuable,  but  as  a  permanent  method  of  storing 
the  waters  of  this  great  stream  it  is  inefficient  and  wasteful.  It  can 
not  receive  any  considerable  portion  of  the  great  flood  waves,  as  it 
can  receive  only  the  capacity  of  the  Florence  Canal,  which  feeds  it. 
But  the  chief  objection  to  this  method  of  storage  is  the  great  area  in 
proportion  to  depth  which  is  exposed  to  the  enormous  evaporation  of 
this  climate.     At  least  three-fourths  of  the  capacity  of  this  reservoir 
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lies  within  8  feet  of  its  surface.     The  annual  evaporation  in  this 
mate  is  about  8  feet,  so  that  at  all  times  the  loss  from  this  source 
very  large  proportion  of  the  water  impounded.     As  a  method  of  h 
ing  water  from  year  to  year  it  would  be  practically  a  failure. 

The  map  (PI.  XXIX)  shows  the  alignment  of  the  Florence  Canal, 
location  of  the  reservoir,  and  the  location  and  extent  of  the  irriga 
lands.  It  will  be  seen  that  the  irrigated  lands  are  scattered,  s( 
tracts  of  not  more  than  100  acres  being  situated  at  a  distance  of  i 
eral  miles  from  the  canal,  with  no  other  irrigated  lands  in  the  vicin 
The  laterals  used  to  convey  water  from  the  canal  to  these  lands 
wasteful  of  water  in  proportion  to  the  amount  utilized,  as  the  amo 
lost  through  seepage  and  evaporation  from  such  small,  long  ditche 
enormous.  The  loss  from  this  cause  and  from  evaporation  in  the 
ervoir  accounts  abundantly  for  the  low  duty  of  water  in  this  val 
As  will  be  seen  by  the  following  table,  the  total  discharge  of  the  F 
ence  Canal  through  the  irrigating  season  of  1896  was  about  64, 
acre-feet: 

Discharge  of  Florence  Canal,  1896, 


Month. 


March  (16  days) 

April 

May 

June 

July 

AtLgOflt 

September  ..... 

October 

November 

December 

Total 


Discbarge  in  second-feet. 


Maximum. 


leo 

160 
42 
12 
160 
354 
262 
277 
272 
252 


277 


Minimum.      Mean. 


Total  for 
month  in 
acre- feet. 


75 

10 

4 

1 

0 

27 

117 

0 

168 

160 


0 


110 

83 

23 

3 

41 

137 

162 

175 

191 

194 


112 


3,272 

4,989 

1,414 

179 

2,521 

8,424 

9,640 

10, 761 

11,365 

11,929 


64,444 


The  area  irrigated  above  the  reservoir  was  4,457  acres,  and  be 
the  reservoir  2,015  acres,  making  a  total  of  6,472  acres  from  wl 
crops  were  matured  in  1896,  and  these  were  largely  of  the  grains, 
will  be  seen,  therefore,  that  nearly  10  acre-feet  of  water  flows  throi 
the  Florence  Canal  for  each  acre  irrigated,  being  sufficient,  if  a< 
ally  upon  the  land,  to  cover  it  to  a  depth  of  nearly  10  feet.  ' 
statement  of  areas  irrigated  was  furnished  by  Mr.  A.  T.  Colton,  ^ 
was  employed  to  measure  them  by  the  Florence  Canal  Company. 


LOWER  GILA  VALLEY. 

Under  the  term  "Lower  Gila  Valley"  may  be  included  that  perl 
of  lowlands  along  Gila  River  beginning  at  the  mouth  of  Salt  River; 
extending  to  Yuma,  a  distance  by  the  river,  omitting  minor  bends 
about  170  miles.     In  altitude  it  is  the  lowest  part  of  Arizona,  the  hei 
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of  the  Southern  Pacific  Railroad  at  the  town  of  Gila  Bend  being  given 
as  737  feet,  and  of  Yuma,  at  the  mouth  of  Gila  River,  40  feet.  Both 
of  these  towns  are  considerably  above  the  level  of  the  bottom  lands. 
In  consequence  of  its  low  elevation  the  temperature  is  extremely  high, 
and  were  it  not  for  the  aridity  of  the  climate  the  summer  heat  would 
be  almost  unbearable.  The  lands  along  the  river  are  of  great  fertility, 
and  where  watered  produce  abundant  crops.  The  Southern  Pacific 
Railroad  extends  in  a  general  way  parallel  to  the  river  and  from  2  to 
10  miles  away,  except  above  Gila  Bend,  where  the  river  describes  a 
great  loop.  The  irrigating  systems  are,  on  the  north  side,  the  Buck- 
eye and  Monarch  canals,  and  on  the  south  side  of  the  river  Rumberg's 
ditch,  Gila  Bend  Canal,  and  Upper  Gila  or  Palmer  Canal.  Farther 
down,  below  Gila  Bend,  are  a  number  of  other  systems,  lying  beyond 
the  limits  of  the  area  described  in  this  paper. 

BUCKEYE  CANAL. 

The  Buckeye  Canal  was  begun  in  1885,  and  water  was  first  used  in 
1888.  It  heads  on  the  north  side  of  Gila  River,  about  4  miles  below 
the  junction  of  Salt  River,  and  just  below  the  mouth  of  the  Agua  Fria. 
The  ownership  is  di\ided  into  shares,  each  of  these  representing  80 
miner's  inches.  It  is  about  25  miles  in  length,  and  is  built  on  a  grade 
of  2  feet  to  the  mile.  At  the  head  it  is  19  feet  wide,  and  has  a  depth 
of  about  3  feet,  and  a  capacity  of  about  75  cubic  feet  per  second.  It 
has  22  small  laterals,  and  the  main  canal  of  course  decreases  in  size 
as  the  laterals  are  taken  out. 

GILA  BEND  CANAL. 

The  dam  of  the  Gila  Bend  Reservoir  and  Irrigation  Company  (PI.  IX) 
is  located  about  40  miles  southwesterly  from  Phoenix  and  25  miles 
north  of  the  Gila  Bend  Station,  on  the  Southern  Pacific  Railroad.     It 
is  nearly  2,400  feet  long,  and  as  originally  planned  was  to  be  an  over- 
flow weir  built  of  timbered  cribs  loaded  with  rock  and  anchored  to 
^es  driven  in  the  bed  of  the  river.     After  the  completion  of  about  600 
leet  of  the  east  end  the  expense  involved  induced  the  company  to  alter 
the  plans  and  to  build  the  remaining  portion  of  loose  rock,  the  part 
already  constructed  being  intended  as  a  waste  weir,  and  the  rock  por- 
tion was  built  about  6  feet  higher  (PI.  X).     The  top  width  of  the  rock 
portion  was  about  18  feet,  and  the  side  slopes  1^  to  1.     From  the  first, 
serious  doubtsof  the  stability  of  the  dam  were  entertained  by  those  com- 
■  petent  to  judge.     It  was  generally  conceded  that  the  first  water  which 
t«vertopped  the  loose  rock  portion  of  the  dam  would  wash  it  out.     In 
l^ew  of  this  fact,  and  the  published  records  of  the  dischai-ge  of  the 
pver  showing  floods  approximating  300,000  cubic  feet  per  second,  it 
I*  a  matter  of  surprise  that  the  capacity  of  the  waste  weir  was  left  at 
]%  about  30,000  cubic  feet  per  second. 

Tbe  first  indication  of  a  failure  was  in  January,  1893,  when  a  slight 
r^  in  the  river  caused  the  loose  rock  portion  of  the  dam  to  settle 
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several  feet.  This  portion  was  raised  to  its  original  hei^bt,  and  the 
dam  was  declared  completed,  at  a  cost  of  nearly  1200,000.  In  Marcli 
of  the  same  year  a  heavy  flood  washed  out  500  feet  of  the  dam  neai 
the  center.  This  breach  was  repaired,  and  in  October  of  the  saiiK 
year,  when  the  river  rose  again,  400  feet  at  the  west  end  of  the  daoc 
went  out.  It  was  now  decided  to  make  the  dam  a  waste  weir  extenJ. 
ing  entirely  across  the  river,  and  plans  were  drawn  up  and  operations 
begun  accordingly.  The  original  wooden  portion  of  the  dam  wa-^ 
thoroughly  overhauled  and  all  warped  or  defective  timbers  were  takex 
out  and  replaced  by  new  ones,  and  the  crest  of  the  weir  was  raised  2-* 
feet.  In  the  portion  built  originally  of  loose  rock  several  rows  o: 
piling  were  driven  from  13  to  18  feet  into  the  bed  of  the  river.  The^ 
were  cut  off  and  framed  over  with  heavy  10-inch  by  12-inch  timber* 
The  crest  of  the  new  portion  stood  2^  feet  above  the  raised  crest  of  th^ 
old  weir.  The  new  design  also  called  for  sheet  piling  above  and  belo^ 
the  dam  for  its  entire  length  and  a  row  of  detached  cribs  below  tli< 
aprons  on  the  lower  side.  In  January,  1895,  before  the  new  work  wai 
completed,  another  freshet  ran  about  8  feet  deep  over  the  entire  length 
of  the  dam,  discharging  nearly  180,000  cubic  feet  per  second,  and 
washing  out  the  uncompleted  portion  of  the  dam  for  about  400  feet 
from  the  west  end,  which  has  not  been  replaced.  The  property  of 
this  company  is  in  litigation,  and  further  repairs  and  development 
must  await  settlement  of  legal  questions. 

The  canal  was  begun  in  May,  1892,  and  completed  the  following 
year.  Its  total  length  is  38  miles,  with  varying  bottom  widths,  gradi- 
ents, and  depths,  as  shown  in  the  following  table: 

Dimensions  of  the  OUa  Bend  Canal, 


Len^h. 

Qradients 
per  mile. 

Frei. 

Bottom 
width. 

Depth. 

Milts. 

Feet. 

Feet. 

i 

0.5 

80 

10 

H 

0.5 

25 

10 

6 

0.5 

24 

10 

6 

0.5 

23 

10 

6 

0.5 

22 

10 

7 

0.6 

20 

10 

4 

0.7 

15 

9i 

3 

0.8 

10 

9 

The  side  slopes  were  1 : 1  in  cut  and  1^:  1  in  fill.  The  level  section 
of  the  canal  was  a  cut  of  4^  feet,  with  embankments  of  5^  feet  on 
either  side,  with  berms  of  2^  feet.  Nine  flumes,  aggregating  424  fe<^t 
in  length,  were  substantially  built  of  wood.  Twenty-one  single  and 
2  double  culverts,  consisting  of  24-inch  cement  pipe  and  aggregating 
2,705  feet,  were  inserted.     About  75  miles  of  laterals  have  been  con- 
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structed.  The  head-gates  are  large  iron  structures  between  massive 
masonry  abutments  and  wing  walls.  (See  PI.  XI.)  The  head-gate 
and  canal  may  be  taken  as  one  of  the  best  and  most  substantial  works 
of  the  kind  yet  constructed.  The  entire  project  is  reported  to  have 
cost  about  $1,000,000. 

About  10  miles  below  the  Gila  Bend  Reservoir  and  Irrigation  Com- 
pany's dam  the  lower  Gila  Bend  Canal  heads,  on  the  same  side  of 
the  river,  and  covers  a  narrow  strip  of  land  about  15  miles  in  length. 
It  is  11  feet  wide,  and  is*said  to  have  cost  about  $25,000.  It  was  first 
used  in  1885.  Water  is  diverted  by  means  of  a  temporary  dam  of 
brush  and  stone,  which  is  renewed  when  required.  It  is  a  coopera- 
tive concern,  owned  by  the  irrigators  in  the  form  of  36  shares,  each 
entitling  the  holder  to  a  proportionate  part  of  the  water. 

SALT  RIVER  VALLEY. 

As  previously  defined.  Salt  River  Valley  is  taken  as  including  the 
lands  adjacent  to  Salt  River  extending  from  the  mouth  of  its  principal 
tributary,  the  Verde,  do\%Ti  to  the  point  where  Salt  River  empties  into 
Gila  Kiver,  a  distance  in  a  direct  line  of  about  40  miles.    The  fall  of 
the  river  between  these  points  is  so  great  that  water  can  be  readily 
diverted  at  almost  any  part  of  the  river's  course  and  carried  diago- 
nally away  from  the  stream,  covering  in  the  course  of  a  few  miles  a 
considerable  extent  of  country.     As  shown  by  the  map  (PL  XXX), 
canals  have  been  constructed  heading  at  short  intervals  from  near  the 
upper  end  of  the  valley  down  along  its  whole  course.     The  principal 
of  these  canals  are  shown  in  the  following  list,  which  gives  also  the 
approximate  length  and  the  year  when  first  used.    These  canals  have 
an  aggregate  of  nearly  600  miles  of  lateral  ditches. 

Principal  canals  of  Salt  River  Valley, 


Name. 


NORTH  SIDE. 


Arizona 

Grand 

Maricopa 

Salt  River  Valley 

Farmers* 

St.  Johns 


SOUTH  SIDE. 


Highland 

Consolidated . 

Old  Hesa 

Utah 

Tempe 

San  Francisco 


Lenj^th. 

When  flpst 

used. 

Miles, 

47 

18S5 

27 

1878 

26 

1868 

19 

1868 

5 

12 
22 

1889 

40 

1894 

10 

1878 

20 

1877 

SO 

1871 

6 

1871 

IRR  J- 
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The  following  description  gives  the  principal  facts  obtainable 
ceming  these  canals,  the  descriptions  being  arranged  in  geogrf 
order,  first  those  on  the  north  side  and  then  those  on  the  south. 

ARIZONA  AND  OTHER  NORTH-SIDE  CANALS. 

The  Arizona  Canal,  constructed  in  the  years  1883  and  1884,  1: 
liighest  on  the  river  and  has  the  only  permanent  dam.     This  dai 
weir,  is  located  about  1  mile  below  the  mouth  of  the  Verde, 
extends  diagonally  across  the  river  in  a  northeasterly  direction 
a  rock  projecting  into  the  stream  from  the  right  bank  to  a  roc 
the  left  bank.     At  the  time  of  its  construction  the  river  channel 
against  the  right  bank,  and  on  the  left  side  a  gravel  bar  sloping 
the  channel  to  the  bank  extended  to  a  depth  of  8  or  10  feet.    Thii 
was  excavated  to  the  surface  of  low  water  for  a  width  of  60  feet, 
the  dam  was  begun  with  mudsills  8  inches  by  10  inches  by  48 
laid  parallel  with  the  stream  at  intervals  of  10  feet.     Upon 
upstream  half  of  these  sills  is  built  a  continuous  crib  with  crosi 
every  10  feet,  into  which  the  rails  are  gained,  a  space  of  4  in 
being  left  between  the  rails,  which  are  fastened  with  12-inch 
bolts  three-fourths  inch  in  diameter.    The  front  and  back  sid 
the  crib  have  a  batter  of  one-fourth  to  one,  and  are  covered 
2-inch  plank  with  6-inch  sheet  piling  drifting  at  its  back.    Th< 
is  laid  lengthwise  on  mudsills  in  the  center  of  the  crib,  and  consti 
the  only  floor  of  the  crib,  which  is  filled  with  bowlders. 

The  crest  of  the  dam  for  a  distance  of  416  feet  on  the  left  ba 
10  feet  above  low  water  and  is  covered  with  d-inch  plank,  spik< 
the  rails  and  braced  and  propped  from  cross-ties  below,  and  hav 
slope  of  3  feet  upstream.  Rails  are  laid  upon  the  mudsills  pre 
ing  24  feet  downstream,  4  feet  apart,  and  covered  with  3-inch  p 
for  apron,  and  sheet  piling  3  inches  thick  and  18  feet  in  length  di 
at  lower  edge  of  apron.  Below  the  apron  the  gravel  was  exca^ 
and  cribs  put  in  4  feet  deep  and  12  feet  wide,  of  various  lengths 
10  to  24  feet,  with  double  rods  to  bind  comers.  These  cribs 
Ht  filled  with  rock  and  covered  with  3-inch  plank.    The  portion  o 

dam  just  described  is  still  standing.  The  part  built  across  the  chi 
was  constructed  similarly,  and  went  out  in  the  great  flood  of  189] 
was  replaced  by  a  more  substantial  structure,  having  the  ov< 
broken  into  a  series  of  steps,  and  the  5-foot  sections  of  dam  b 
together  with  li-inch  iron  rods  from  top  to  bottom.  Sheet  piling 
driven  at  both  the  heel  and  toe  of  the  renewed  portion.  The  cu 
strikes  the  crest  of  the  dam  at  an  angle  of  about  12^.  Betwee: 
southwest  end  of  the  dam  and  the  canal  head-gates  a  wastewaj 
blasted  out  of  the  rock  36  feet  in  length,  and  prepared  to  re 
slash  boards,  which  can  be  easily  removed  when  necessary  to  dra 
the  water  from  the  back  of  the  dam  during  low  water  for  rej 
The  total  distance  at  high  water  over  the  dam  wasteway  and  ro< 
level  with  dam  is  1,000  feet. 
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The  head  works  of  the  canal  are  in  solid  rock,  with  masonry  abut> 
ments  and  wing  walls  and  wooden  gates.  The  bottom  width  of  the 
canal  is  36  feet  at  the  head,  and  becomes  narrower  toward  the  lower 
end.  The  estimated  capacity  is  1,000  cubic  feet  per  second.  For  the 
first  3  or  4  miles  there  is  considerable  heavy  construction,  the  country 
being  somewhat  rough,  and  the  material  to  be  moved  consisting 
largely  of  gravel,  with  some  solid  rock.  The  canal  was  first  used  in 
1885.     It  is  47  miles  long,  and  cost  $600,000. 

Grand  Canal,heading  about  2^  miles  above  the  consolidated  head  of 
the  Salt  River  Valley  and  Maricopa  canals,  was  constructed  in  1878. 
The  capacity  of  this  canal  is  215  second-feet.  It  has  been  absorbed 
by  the  Arizona  Canal  Company,  its  head  works  have  been  abandoned, 
and  it  receives  water  from  the  Arizona  Canal  through  what  is  called 
the  Crosscut  Canal.  This  latter  was  constructed  in  1889,  partly  for 
the  purpose  of  economizing  the  water  to  which  the  Grand  Canal  is 
entitled  by  canying  it  through  the  Arizona  Canal  instead  of  through 
the  sandy  bed  of  the  river,  and  partly  to  utilize  for  power  purposes 
the  fall  between  the  Arizona  and  Grand  canals.  Its  capacity  is  about 
375  second-feet,  and  it  supplies  water  for  the  Grand  Canal,  and  at 
times  during  low  water  for  the  Salt  River  Valley  and  Maricopa  canals. 

The  oldest  diversion  from  Salt  River  for  irrigation  purposes  is  the 
Salt  River  Valley  Canal,  constructed  in  1867  by  Jack  Swilling  and  his 
associates,  and  called  originally  the  Swilling  Ditch.  It  is  on  the  north 
side  of  the  river,  about  5  miles  east  of  Phoenix.  Some  time  after  its 
construction  another  canal  or  branch  was  taken  from  it,  at  a  point 
about  3  miles  below  its  head,  which  became  known  as  the  Maricopa 
Canal.  These  two  canals  with  a  common  head  are  sometimes  called 
the  Consolidated  Canals.  The  diversion  is  by  means  of  an  artificial 
shoal  formed  of  rocks  and  brush  through  wooden  head-gfltes,  with 
solid  masonry  abutments  and  wing  walls.  The  capacity  of  Salt  River 
Valley  and  Maricopa  canals  jointly  is  about  275  second-feet.  Both 
canals  are  now  controlled  by  the  Arizona  Canal  Company. 

SOUTH-SIDE  CANALS. 

The  Highland  Canal  was  built  early  in  1889.  It  takes  water  on  the 
south  side  of  the  river,  about  2  miles  below  the  head  of  the  Arizona 
Canal,  and  has  a  capacity  of  about  100  cubic  feet  per  second. 

The  Mesa  City  Canal  was  begun  in  1879  by  the  Mesa  Canal  Com- 
pany, a  corporation  composed  of  the  owners  of  the  land  to  be  watered 
by  the  canal.  It  emerges  from  the  river  on  the  south  side,  about  2^ 
miles  above  the  head  of  the  Utah  Canal,  being  above  the  head  of  all 
the  canals  and  ditches  previously  constructed.  It  supplies  water  to 
Mesa  City  and  adjoining  country,  and  has  a  capacity  of  about  175 
second-feet.  Its  alignment  for  a  considerable  distance  is  said  to  have 
followed  the  line  of  one  of  the  prehistoric  canals  of  this  valley.  One 
share  of  stock  in  this  canal  represents  a  maximum  of  17^  miner's 
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inches,  or  a  little  over  two-fifths  of  a  cubic  foot  per  second, 
water  represented  by  a  share  supplies  about  40  acres  of  land  ancL     i 
valued  at  present  at  about  $250.     The  annual  charge  per  share  is  I H^ 
Considerable  expense  and  annoyance  was  experienced  for  many  ye^^ui 
from  the  insecure  head  works  of  this  canal,  the  farmers  frequeiL^^^l 
being  obliged  to  quit  work  in  the  busy  season  to  restore  their  sup^>l 
of  irrigating  water.     Finally,  in  1893,  the  Consolidated  Canal  Co:na 
pany  was  formed,  which  entered  into  a  contract  to  build  new  h^«M 
works  and  to  deliver  a  specific  quantity  of  water  for  a  consi^^r 
ation  at  a  designated  point  on  the  Mesa  Canal  for  the  use  of  t^iti 
owners  of  that  canal.     This  company  built  a  shoal  of  large  bowl^en 
across  the  river,  which  withstands  the  floods  of  the  river,  but    i1 
gradually  settled,   at  first  into  the  sand  and  gravel  of  the  riv^oi 
bed.     As  settlement  proceeded  it  has  been  built  up  and  constitute 
a  very  fair  means  of  diversion.     At  the  south  end  of  this  shoal  a.x^ 
built  massive  granite  masonry  abutments  and  wing  walls,  betwe^^*^ 
which  the  canal  flows  through  wooden  gates  directly  into  the  me^^^ 
of  bowlders  and  hardpan,  through  which   it  is  constructed  in       ^ 
deep  cut  for  a  distance  of  over  2  miles,  the  maximum  cut  bein^^ 
about  26  feet.     This  heavy  construction  was  performed  by  a  huj 
dredge  with  a  dipper  capacity  of  2  cubic  yards  of  earth  and  ha^ 
ing  a  lift  of  26  feet.     At  the  end  of  these  2  miles  the  Consolidate^^ 
Canal  follows  for  some  distance  the  alignment  of  the  Mesa  Can^^ 
until  it  reaches  a  point  about  3  miles  northeast  of  Mesa  City,  whic-^^==^ 
is  designated  as  the  point  of  delivery  of  the  specific  quantity 
water  for  the  irrigators  under  the  Mesa  Canal.     At  this  point  tl 
water  for  the  Mesa  Canal  Company  is  discharged  into  their  old  canal^ 
and  two  branches  are  constructed  by  the  Consolidated  Canal  Conc^ 
pany,  one  starting  southeast  for  irrigating  purx>oses,  and  one  runnin  -^ 
due  west  for  about  2  miles  until  it  reaches  the  edge  of  the  mesa,  jue 
above  the  Tempe  Canal,  where  a  large  power  plant  is  constructed  f( 
electric  lighting  and  power  purposes,  using  the  irrigating  water 
which  the  Tempe  Canal  is  entitled  and  discharging  it  from  the  wheels— 
into  the  Tempe  Canal  about  1^^  miles  below  its  head.     For  some  tim^-^ 
the  right  to  use  the  irrigating  waters  of  the  Tempe  Canal  was  ques^*^ 
tioned,  but  this  matter  is  now  said  to  be  adjusted.     The  easterr^ 
branch  of  the  Consolidated  Canal  above  mentioned  is  constructed  otB- 
a  light-grade  line,  in  a  general  southerly  direction,  to  the  boundary  of 
the  Gila  River  Indian  Reservation.     By  carrying  the  water  of  the 
Tempe  Canal  through  the  Consolidated  Canal  instead  of  through  the 
sandy  river  bed,  a  considerable  loss  by  evaporation  is  prevented,  and 
the  water  available  for  irrigation  is  thereby  increased.     In  this  man- 
ner the  Consolidated  Canal  obtains  a  right  to  some  irrigation  waters. 
The  Utah  Canal  was  constructed  in  1877  on  the  south  side  of  the 
river,  heading  about  5  miles  above  the  head  of  the  Tempe  Canal.     It 
was  constructed  and  is  operated  by  the  owners  and  occupants  of  the 
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lands  which  are  irrigated  by  its  waters,  and  the  association  is  unin- 
corporated, the  water  rights  being  represented  by  certificates  which 
are  transferable.     Its  capacity  is  about  175  second-feet. 

In  1870  a  ditch  was  constructed  on  the  south  side  of  the  river, 
known  as  the  Tempe  Irrigating  Canal.  It  heads  about  7  miles  above 
the  Salt  River  Valley  Canal,  and  was  carrying  in  June,  1896,  about 
114  cubic  feet  of  water  per  second.  This  is  a  community  ditch,  the 
property  of  the  owners  of  the  land  irrigated  from  it,  the  shareholders 
being  unincorporated.  The  canal  has  a  carrying  capacity  of  337 
cubic  feet  of  water  per  second. 

The  San  Francisco  Canal,  known  also  as  the  Wormser  Canal,  was 
constructed  on  the  south  side  of  the  river  in  1875.  It  heads  a  short 
distance  below  the  town  of  Tempe,  and  has  a  capacity  of  about  52 
second-feet. 

Mr.  C.  T.  Hayden,  a  shareholder  of  the  Tempe  Canal  Company,  in 
the  year  1874  erected  a  flouring  mill  at  Tempe,  and  by  an  arrange- 
ment with  the  other  shareholders  obtained  a  supply  of  27|  cubic  feet 
of  water  per  second  to  run  his  mill. 

AREA  IRRIGATED. 

It  is  extremely  diflftcult  to  obtain  reliable  figures  concerning  the 
area  irrigated  in  any  locality.  This  is  true  in  the  Salt  River  Valley 
as  elsewhere,  and  is  due  not  only  to  the  fact  that  farmers  as  a  rule  do 
not  keep  records  of  the  results  of  their  labors,  but  also  because  of  the 
many  influences  tending  toward  exaggeration  of  statements.  It  is 
usuallv  to  the  interest  of  the  farmer  as  well  as  the  canal  owner  to 
claim  that  a  large  area  is  irrigated,  so  that  in  case  of  subsequent  con- 
troversies over  water  rights  his  title  to  the  use  of  water  may  be  sup- 
ported. The  matter  of  definition  also,  as  to  what  may  be  considered 
as  irrigated,  introduces  complications.  In  order  to  secure  title  under 
the  desert  act,  claims  are  made  and  proofs  submitted  that  hundreds 
of  acres  are  irrigated,  although  as  a  matter  of  fact  this  irrigation  is 
of  the  most  nominal  character,  and  to  the  eye  the  land  has  received 
no  apx)arent  benefit. 

A  systematic  attempt  was  made  by  the  Eleventh  Census  to  obtain 
an  exact  statement  as  to  the  amount  of  land  actually  irrigated  and 
cropped  in  the  census  year  1889.     A  farm-to-farm  enumeration  was 
made  for  the  purpose  of  obtaining  the  area  of  land  in  each  farm,  the 
amount  improved,  cultivated,  and  irrigated,  the  area  and  quantity  of 
crops,  and  many  other  details.     It  was  found  during  this  census  that 
elainiB  were  frequently  made  that  160  acres  were  irrigated,  when  the 
crops  aggregated  only  about  30  or  40  acres.     Examination  revealed 
that  as  a  rule  the  amount  claimed  as  irrigated  represented  the  amount 
of  land  under  ditch  and  to  which  water  might  perhaps  be  taken, 
while  actually,  either  from  deficiency  of  water  or  other  cause,  success- 
ful irrigation  was  conducted  only  upon  the  smaller  area. 
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The  total  area  irrigated  in  Arizona  and  from  which  crops  vt- 
obtained  during  the  season  of  1889,  according  to  the  Eleventh  Cen 
was  only  65,821  acres,  the  greater  part  of  this  being  in  barley,  alfa 
and  other  forage  crops.  Of  this  amount,  the  area  irrigated  in  M 
copa  County  was  found  to  be  35,212  acres.  A  large  portion  of 
was  on  the  south  side  of  Salt  River.  For  comparison,  and  to  illust 
the  difference  obtained  by  estimates  based  upon  the  claims  of  e 
owners  and  farmers,  it  is  stated  that  on  the  north  side  of  Salt  RL 
in  Maricopa  County,  there  were  irrigated  in  1889,  under  the  Ari^^z^na 
Canal,  56,000  acres.  This  amount,  or  350  quarter  sections,  is  -fclie 
quantity  given  in  the  decision  noted  later  on  page  61.  The  Ax^ea 
given  as  irrigated  from  the  Arizona  Canal  system  in  1895  was  alx>iJt 
60,000  acres.  The  discrepancy  between  the  census  figures  and  -fclie 
amount  adjudicated  may  be  due  to  a  number  of  causes,  but  is  pr^c>l>- 
ably  accounted  for  largely  by  the  fact  that  many  of  the  tracts  to  wli.i<5^ 
water  rights  were  adjudicated  were  cultivated  only  in  part,  and  c3-^^ 
not  yield  crops  of  sufficient  size  to  be  reported  by  the  owners  or  e 
merators.  Many  of  the  tracts  formerly  claimed  as  irrigated  have  si 
the  acquisition  of  title  been  left  uncultivated.  It  is  suggestive  to  lu 
in  this  connection  that  the  adjudicated  rights  of  some  of  the  ol 
canals  aggregate  more  than  their  entire  capacity. 

The  first  irrigation  under  the  Arizona  Canal  occuiTcd  in  1885. 
decision  handed  down  by  Judge  Kibbey  (page  61)  adjudicated  rig 
for  the  year  1884  aggregating  82,600  acres.     On  the  basis  of  the  d 
of  water  assumed  by  the  court — 100  acres  per  second-foot — it  wo 
require  for  the  satisfaction  of  these  rights  a  flow  of  826  cubic  feet 


second.     By  reference  to  the  table  of  discharges  of  Salt  River         I 
Arizona  dam,  on  page  37,  it  is  seen  that  the  mean  flow  for  the  mor::^^^^ 
of  July  in  1889  was  495  second-feet,  and  for  the  same  month  in  189Cl^f 
was  524  second-feet.    The  flow  for  the  month  of  June,  which  it  wo«-^ 
be  safe  to  assume  as  available  for  irrigation,  would  be  not  more  tlr^-f 
500  cubic  feet  per  second,  whereas  in  the  year  1884,  as  just  sho^^ 
before  the  Arizona  Canal  was  brought  into  use,  826  second-feet  ^r^ 
required  to  satisfy  the  legal  rights  existing  in  the  valley.     But  cr* 
of  grain  can  be  matured  in  this  valley  by  the  growth  in  the  winter 
spring,  and  large  areas  are  undoubtedly  matured  every  year  he£\ 
the  1st  of  June.     The  minimum  flow  for  the  month  of  May,  howe^ 
is  given  as  022  second-feet  in  1889,  and  as  630  second-feet  in  10 
while  the  mean  for  the  entire  month  in  1890  is  914  second-feet. 

The  two  minima  given  would  seem  to  indicate  that  a  shortage 
imiiiinent  even  in  the  month  of  May  in  1884,  if  the  rights  as  adj; 
cated  were  all  claimed.     If  this  was  the  case  in  1884,  what  can  be 
of  1889,  when  instead  of  82,000  acres  claiming  water  there  have 
adjudicated  rights  amounting  to  151,360  acres?    The  areas  that 
been  irrigated  since  1889  under  the  Arizona  Canal  system  have 
ably  been  increased,  so  that  the  total  area  using  or  claiming  j 
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from  Salt  River  is  double  what  it  was  in  1884,  and  consequently  more 
than  double  the  capacity  of  the  river  to  supply  in  ordinary  years,  and 
still  more  beyond  its  capacity  in  dry  years.  But  the  condition  of 
irrigation  in  Salt  River  Valley  is  not  as  bad  as  these  figures  would 
seem  to  imply.  As  above  indicated,  the  adjudicated  rights  are  prob- 
ably greater  than  the  areas  actually  irrigated  in  the  years  given,  and 
cultivation  has  been  discontinued  on  some  of  the  tracts  formerly 
irrigated.  There  is  considerable  competition  for  water  among  irri- 
gators during  the  dry  months,  and  this  has  been  one  cause  of  the 
abandonment  of  areas  formerly  cultivated. 

ADJUDICATION  OF  WATER  RIGHTS. 

It  will  readily  be  seen  by  the  foregoing  that  the  various  canals  and 
ditehes  taking  water  from  Salt  River  have  an  aggregate  capacity 
much  larger  than  the  low-water  flow  of  the  river,  which  is  in  the 
neighborhood  of  300  cubic  feet  per  second,  and  the  irrigable  land 
under  these  canals  is  proportionately  in  excess  of  the  water  supply 
in  the  dry  season. 

These  facts  led  to  the  institution  of  a  suit  before  Judge  Joseph  H. 
Kibbey  to  determine  the  rights  of  the  various  proprietors,  the  trial 
of  which  was  begun  in  March,  1890,  and  concluded  in  August  of  that 
year.  The  amount  of  evidence  taken  in  the  e^se  is  very  voluminous, 
consisting  of  6,000  pages  of  typewritten  matter.  The  argument  of 
the  case  was  heard  in  February,  1891,  and  occupied  fifteen  days. 
Many  interesting  principles  of  the  la\.  relating  to  water  rights  were 
enunciated  in  this  decision,  relating  to  the  method  of  acquiring  water 
rights  and  the  rights  of  the  community  concerning  the  reasonable  use 
as  opposed  to  the  waste  of  water.  This  decision  was  published,  but 
the  pamphlet  is  now  out  of  print,  and  a  portion  of  the  decision  is  here 
reprinted  on  account  of  its  value  and  interest  in  connection  with  this 
subject. 

JUDGE  KIBBEY'S  DECISION. 

In  1848,  and  from  that  time  until  18^,  that  part  of  the  Territory  of  Arizona 
within  which  is  the  Salt  River  Valley  was  a  part  of  the  Territory  of  New  Mexico, 
and  there  were  expressly  enacted  by  that  Territory  laws  governing  the  appropria- 
tion and  nse  of  water  for  irrigation.  In  1863  part  of  the  then  Territory  of  New 
Mexico  was  erected  into  a  temporary  government  by  the  name  of  the  Territory  of 
Arizona,  and  the  laws  of  New  Mexico  were,  by  the  acts  of  Congress  establishing 
the  Territory  of  Arizona,  made  applicable  to  that  Territory. 

In  1864  the  First  legislative  assembly  of  the  Territory  convened  and  enacted  the 
code  of  laws  commonly  known  and  cited  as  the  Howell  Code.  By  article  22  of  an 
act  of  that  legislature,  known  and  designated  as  the  '*  Bill  of  Rights,'' it  was  pro- 
vided that  ''all  streams,  lakes,  and  ponds  of  water  capable  of  being  used  for  the 
pnrpoees  of  navigation  or  irrigation  are  hereby  declared  to  be  public  projierty. 
and  no  individual  or  corporation  shall  have  the  right  to  appropriate  them  exclu- 
rively  to  their  own  private  use,  except  under  such  equitable  regulations  and 
restrictions  as  the  legislature  shall  provide  for  that  purpose."  This  act  went  into 
force  on  the  1st  day  of  January,  1865.    This  provision  has  been  incorporated  in 
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the  successive  revisions  of  onr  code,  and  is  still  a  part  of  onr  statatory  law. 
the  same  session  of  the  legislature,  and  by  a  law  taking  effect  at  the  same  time, 
act  governing  acequias  and  irrigating  canals  was  adopted. 

Section  1  of  that  act  provides  that  ''all  rivers,  creeks,  and  streams  of  runni^c:^^^ 
water  in  the  Territory  of  Ajizona  are  hereby  declared  to  be  public  and  applica^^r^^ 
to  purposes  of  irrigation  and  mining,"  as  afterwards  provided. 

Section  2  saves  all  vested  rights. 

Section  8  provides  that  *'  all  the  inhabitants  of  this  Territory  who  own  or  l^o«. 
sess  arable  or  irrigable  lands  shall  have  the  right  to  construct  public  or  priv-^^.^ 
acequias  and  obtain  the  necessary  water  for  the  same  from  any  convenient  ri^r^x, 
creek,  or  stream  of  running  water. " 

Section  4  provides  for  the  assessment  of  damages  resulting  from  the  constructi<:3D 
of  ditches  across  private  property  of  individuals. 

Section  5  provides  that  no  inhabitant  of  this  Territory  shall  have  the  right     ^o 
erect  any  dam,  or  build  a  mill,  or  place  any  machinery,  or  open  any  sluice,     ^r 
make  any  dike,  except  such  as  are  used  for  mining  purposes  or  the  reduction      o^ 
metals,  as  provided  for  in  sections  6  and  7  in  the  act,  that  may  impede  or  obstri^vi^c^ 
the  irrigation  of  any  lands  or  fields,  as  the  right  to  irrigate  the  fields  and  arat==>^® 
lands  shall  be  preferable  to  all  others,  and  the  justices  of  the  peace  of  their  resp^^^^^ 
tive  precincts  shall  hear  and  determine  the  question  relative  to  all  such  obstn^=^<^' 
tions  in  a  summary  manner  and  cause  the  removal  of  the  same  by  order  direct— -=^ 
to  a  constable  of  the  precinct  or  sheriff  of  the  county,  who  shall  proceed  to  execT:^^^^^ 
the  same  without  delay. 

Section  7  directs  that  when  any  ditch  or  acequia  shall  be  taken  out  for  agric^^"^* 
tural  purposes  the  person  or  persons  so  taking  out  such  ditch  or  acequia  shr — ^H 
have  the  exclusive  right  to  the  water,  or  so  much  thereof  as  shall  be  necessary 
the  said  purposes,  and  if  at  any  time  the  water  so  required  shall  be  taken  for 
ing  operations  the  person  or  persons  owning  said  water  shall  be  entitled  to  da- 
ages,  to  be  assessed  in  the  manner  provided  in  section  6. 

Section  8  prohibits  the  construction  or  maintenance  of  bypaths  and  f ootpai 
across  cultivated  fields. 

Section  9  provides  that  all  owners  and  proprietors  of  arable  and  irrigable  lacs-da 
bordering  on,  or  irrigable  by,  any  public  acequia  shall  labor  on  such  public  Si.<c9^ 
quia,  whether  such  owners  or  proprietors  cultivate  the  land  or  not. 

Section  10  provides  that  persons  interested  in  a  public  acequia,  whether  owim^i^ 
or  lessees  of  land,  shall  labor  thereon  in  proportion  to  the  amount  of  land  owys^ 
or  held  by  them  which  may  be  irrigated  by  the  ditch. 

Section  11  provides  that  animals  shall  be  herded  to  prevent  trespass  upon  cixltn- 
vated  fields. 

Section  12  provides  that  in  case  a  community  desire  to  construct  an  acequia  ax^^ 
the  persons  desiring  to  construct  the  same  are  the  owners  or  proprietors  ^f  t;be 
land  upon  which  they  design  to  construct  the  acequia,  no  one  shall  be  bound,  to 
pay  damages  for  the  land  taken. 

Section  18  provides  for  the  election  of  overseers  of  public  acequias. 

Section  14  prescribes  the  manner  of  the  election  of  overseers. 

Section  15  provides  for  payment  for  services  of  the  overseers. 

Section  16  prescribes  the  duty  of  the  overseers,  of  which,  among  others,  is  enn- 
merated  the  duty  to  distribute  and  apportion  the  water  in  proportion  to  the  quantity 
to  which  each  one  is  entitled  according  to  the  land  cultivated  by  him,  and  tbst 
in  making  such  apportionment  he  shall  take  into  consideration  the  nature  of  the 
seed  sown  or  planted  and  the  crops  and  the  plants  cultivated. 

Section  17  provides  that  **  during  years  when  a  scarcity  of  water  shall  exist 
owners  of  fields  shall  have  precedence  of  the  water  for  irrigation  according  to  the      •  j* 
dates  of  their  respective  titles  or  their  occupation  of  their  lands  either  by  them-      j  ^^ 
selves  or  their  grantors.    The  oldest  titles  shall  have  precedence  always."  ^ 


^^^^=^1  ADJUDICATION   OF   WATER   RIGHTS.  57 


^^e^rtion  18  provides  for  the  contribution  of  labors  by  irrigators  to  the  mainte- 
of  the  aceqnia. 

ion  19  prescribes  penalties  for  malfeasance  or  nonfeasance  of  the  overseer  in 
^^sclxarging  bis  duties,  and  provides  for  his  removal  in  certain  events. 
Secrtion  20  provides  for  the  filling  of  the  vacancy  occasioned  by  the  removal  of 
\^e  o'verseer. 

Secrtion  21  imx>oses  a  penalty  upon  the  owner  or  proprietor  of  land  irrigated  by 
an  aceqiiia  for  neglect  or  refusal  to  furnish  the  number  of  laborers  required  by 
the  overseer  for  the  maintenance  and  repair  of  the  aceqnia. 

Sectnon  22  prescribes  the  penalties  against  any  x)erson  who  shall  in  any  manner 
interfere  with,  impede,  or  obstruct  any  such  aceqnia  or  use  the  water  from  it 
witlioTit  the  consent  of  the  overseer. 

Sectdon  23  provides  that  the  fines  and  forfeitures  recovered  under  the  provisions 
of  tlie  act  shall  be  applied  by  the  overseers  to  the  improvement,  excavation,  and 
repair  of  the  aceqnia,  and  for  the  construction  of  bridges  at  points  where  they 
n^y  "be  crossed  by  public  streets  or  roads. 

Section  24  provides  for  the  apx)eal  from  judgment  of  conviction  under  any  of 
the  provisions  of  the  act. 

Section  25.  **  The  reg^ation  of  aceqtdas  which  have  been  worked  according  to 
the  laws  and  customs  of  Sonora  and  the  usages  of  the  i)eople  of  Arizona  shall 
remaiii  as  they  were  made  and  used  up  to  this  day,  and  the  provisions  of  this 
<^^pter  shall  be  enforced  and  observed  from  the  day  of  its  publication." 

^^ctncm  26  provides  that  plants  and  trees  growing  on  the  banks  of  any  acequias 
shall  l)elong  to  the  owners  of  the  land  through  which  the  aceqnia  runs. 

^^ction  27  provides  that  any  i)erson  owning  lands  which  may  include  a  spring  or 
'^'"^^Maa  of  running  water,  or  owning  lands  upon  a  river  where  there  is  not  popula- 
^*^*^  snfKcient  to  form  a  public  aceqnia,  may  construct  a  private  aceqnia  for  his 
o^-n  Tises,  subject  to  his  own  regulations,  provided  he  does  not  interfere  with  the 
^K^ta  of  others. 

^  the  year  1866  the  National  Ongress  enacted  a  law  for  the  disposal  of  its  lands 
^^taining  valuable  minerals,  and  among  the  provisions  of  that  act,  with  some 
^baoq^ejit  slight  verbal  changes  not  affecting  the  substance  or  meaning,  is  the 
^^Uo^veing  (sec.  2839,  Revised  Statutes  of  the  United  States): 

"^Vhenever  by  priority  of  possession  rights  to  the  use  of  water  for  mineral,  for 
^'^'^^i^ing,  agricultural,  manufacturing,  or  other  purposes,  have  vested  and  accrued, 
^d  the  same  are  recognized  and  acknowledged  by  the  local  customs,  laws,  and 
^ficisions  of  courts,  the  possessors  and  owners  of  such  vested  rights  shall  be  main- 
tamed  and  protected  in  the  same,  and  the  right  of  way  for  the  construction  of 
ditches  and  canals  for  the  purposes  herein  specified  is  acknowledged  and  confirmed; 
bat  whenever  any  person,  in  the  construction  of  a  ditch  or  canal,  injures  or  dam- 
ages the  possession  of  any  settler  upon  the  public  land,  the  party  committing  such 
jiU'ary  or  damage  shall  be  liable  to  the  party  injured  for  such  injury  or  damage.'' 
Section  2340  provides  '*that  all  patents  granted,  or  preemption  or  homestead 
^owed,  shall  be  subject  to  any  vested  or  accrued  water  rights,  or  rights  to  ditches 
oT  reservoir  used  in  connection  with  such  water  rights,  as  may  have  been  acquired 
tinder  or  recognized  by  the  preceding  section." 

This  provision  of  the  act  of  Congress  has  been  held  by  the  Supreme  Court  of 
-the  United  States,  and  of  some  of  the  States,  not  only  to  confirm  rights  that 
liave  been  initiated  or  had  vested  prior  to  the  passage  of  the  act,  but  that  it  was 
ecaitinaous  in  its  operation  and  was  the  license  of  the  Government  to  x)ersons  to 
liereafter  appropriate  water  on  the  public  domain  for  agricultural,  mining,  man- 
ti&Kstoring,  or  other  purposes.     (98  U.  S.,  453;  13  Oregon,  596.) 

On  the  3d  of  March,  1877,  there  went  into  effect  an  act  of  Congress  providing 
that  any  citiaseu  of  the  United  States,  or  any  who  had  declared  his  intention  to 
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become  such,  upon  the  payment  of  25  cents  per  acre,  may  file  a  declaration,  w 
the  register  and  receiver  of  the  land  district  in  which  any  desert  land  is  sitoati 
of  his  intent  to  reclaim  a  tract  of  land  not  exceeding  one  section,  by  condncti] 
water  thereon  within  the  period  of  three  years  thereafter.  It  provides  that  tl 
right  to  the  nse  of  the  water  by  the  person  so  conducting  the  same  on  or  to  ai 
tract  of  desert  land  of  640  acres  **  shall  depend  upon  bona  fide  prior  appropriatio 
and  such  rights  shall  not  exceed  the  amount  of  waller  actually  appropriated  aa 
necessarily  used  for  the  purposes  of  irrigation  and  reclamation,  and  all  snrpl 
water  over  and  above  such  actual  appropriation  and  use,  together  with  the  wafc 
of  all  lakes,  rivers,  and  other  sources  of  water  supply  upon  the  public  lands  a:3 
not  navigable,  shall  remain  and  be  held  free  for  the  appropriation  and  use  of  b 
public  for  irrigation,  mining,  and  manufacturing  purposes,  subject  to  exist!:: 
rights." 

By  an  act  of  the  legislative  assembly  of  the  Territory  of  Arizona  approv 
February  19,  1877,  all  the  laws  of  the  Territory  then  in  force  were  directed  to 
recompiled,  which  was  done;  and  the  compilation  is  known  and  cited  as  "t. 
**  Compiled  laws  of  1877,"  among  which  are  the  Bill  of  Rights  and  the  varic 
provisions  governing  the  construction  of  private  and  public  acequias  and  ^ 
appropriation  and  use  of  water  for  irrigation  that  we  have  above  quoted  fr< 
the  Howell  Code.  The  same  laws  have  been  carried  forward  into  the  revision 
1887.  In  1887  the  acequia  law  was  not  reenacted,  but  not  having  been  repeale<3 
is  still  in  force,  and  the  editors  of  the  revision  of  1887  have  incorporated  it  in  tl 
revision.     (Sects.  3199-3226,  R.  S.,  1887,  Arizona.) 

In  1887  the  legislative  assembly  enacted  a  law  providing  that  the  common- X 
doctrine  of  riparian  rights  shall  not  obtain  or  be  of  any  force  or  effect  in  this  X 
ritory.     (Sec.  3198,  R.  S.,  1887.  Arizona.) 

REASONABLE  USE  OF  WATER. 

Incident  to  the  right  of  the  inhabitants  of  this  Territory  to  appropriate  water 
irrigation  or  other  uses  is  the  restriction  that  the  means  of  diversion  shall 
reasonably  adapted  to  the  purpose,  to  the  end  that  the  water  that  is  made  free 
the  public  shall  not  be  diminished  beyond  the  quantity  sufficient  to  supply  i 
actual  needs  of  the  appropriator;  that  the  means  of  application  of  the  water 
the  purposes  for  which  it  is  appropriated  shall  be  of  a  character  to  insure  as  sm- 
a  consumption  of  water  as  is  reasonably  consistent  to  the  accomplishment  of  tb 
purpose.  No  man  has  a  right  to  waste  a  drop  of  water.  Any  excess  of  water  th 
he  diverts  and  wastes  by  carelessness,  negligence,  or  ignorance  of  economic  met 
ods  of  cultivation  or  irrigation,  or  failure  to  adopt  them,  he  unlawfully  diverts. 

It  appears  from  the  evidence  in  this  case  that  large  quantities  of  water  a^ 
allowed  to  flow  in  the  various  canals  and  ditches  to  supply  stock  with  wate 
This  necessarily  involves  a  great  waste  of  water.  At  a  small  estimate,  I  shea- 
think  the  evidence  discloses  an  amount  of  water  wasted  thus  sufficient,  if  proper- 
applied  to  irrigation,  to  make  productive  10,000  acres  of  land.  The  amount  < 
water  actually  consumed  by  the  stock  is  insignificant.  The  loss  is  that  due 
evaporation  and  seepage  in  its  long  passage  through  the  various  canals  and  tl 
miles  of  subsidiary  ditches.  This  seems  to  me  to  be  an  unreasonable  use  of  wate 
I  do  not  mean  to  deny  the  right  to  the  use  of  water  for  stock,  for  it  has  alwa: 
been  a  recognized  use,  like  that  for  domestic  purposes.  But  it  can  not,  I  thin, 
be  diverted  from  its  original  course  for  that  purpose.  It  has  always  been  the  1* 
that  stock  and  the  public  could  drink  from  a  water  course,  but  not  to  impede  i 
flow  or  diminish  its  quantity  for  that  purpose.  Instead,  I  consider  the  law  to  be, 
bringing  the  water  diverted  from  a  natural  water  course  a  long  distance  by  mea» 
necessarily  involving  an  enormous  proportionate  waste  to  water  stock,  the  Bto^ 
must  be  taken  to  the  natural  water  course  to  drink,  or  otherwise  provided  for. 
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If  the  water  be  in  the  ditches  on  a  man's  ranch  in  the  conrse  of  application 
directly  to  irrigation,  it  might  be  permitted  to  allow  stock  to  drink  of  it;  bnt  it 
is  an  nnreasonable  nse  of  it  to  permit  water  to  be  in  the  ditches  for  that  purpose 
alone. 

Another  matter  for  our  consideration  in  this  connection  is  the  right  of  the 
approjiriator  of  water  to  the  exclusive  possession,  maintenance,  operation,  and  the 
nse  of  the  conduit,  as  he  has  prepared  it,  for  the  diversion  of  the  water,  whether 
or  not,  having  constructed  such  a  conduit,  he  thereby  has  the  right  to  have  the 
water  flow  in  the  river  to  that  conduit  and  thence  to  the  point  where  he  desires 
to  nse  it,  or  whether  his  right  is  limited  to  the  actual  delivery  of  water  to  his 
lands,  with  or  without  increased  expense  to  himself,  whether  it  be  by  means  there- 
for provided  by  himself  or  by  means  provided  by  some  one  else.  To  illustrate:  If 
those  who  operate  the  Highland  Canal  should  divert  from  the  river  the  water  to 
which  the  consumers  under  the  Tempe,  the  Mesa,  the  Utah,  and  the  San  Fran- 
cisco are  entitled,  and  yet  should  that  company  deliver  the  water  so  diverted 
throngh  its  own  canal  to  and  upon  the  lands  of  those  under  the  other  canals  named, 
in  the  quantities  to  which  they  are  entitled,  would  those  who  constructed  and 
since  have  operated  and  maintained  the  Tempe  Canal,  the  Utah  Canal,  the  Mesa 
Canal,  and  the  San  Francisco  Canal  have  any  just  cause  for  complaint,  or  have 
the  owners  of  those  mentioned  canals  a  vested  right  not  only  to  the  use  of  the 
water  for  the  purpose  of  irrigation,  but  also  to  have  it  conveyed  by  means  of  its 
own  conduit? 

Following  out  to  their  sequence  the  propositions  I  have  advanced  as  to  the  own- 
ership of  water  and  the  right  of  appropriation.  I  am  of  the  opinion  that  the  entire 
rig^ht  of  the  appropriator  for  irrigation  is  limited  to  the  delivery  of  water  sufficient 
for  the  purpose  upon  his  land  at  a  point  where  he  can  use  it  for  irrigation,  and 
that  so  long  as  such  water  is  so  delivered  he  may  be  indifferent  to  any  acts  of 
diversion  or  obstruction  of  the  flow  of  water  in  the  natural  water  course,  and  has 
no  just  cause  for  complaint  therefor.  He  might  be  compelled  to  adopt  a  more 
exx>ensive  means  of  delivery  of  the  water  to  his  lands  if  the  means  that  he  has 
already  adopted  are  such  as  would  result  in  the  loss  of  water;  for,  as  we  have 
repeatedly  affirmed,  the  water  is  public  property;  it  is  a  common  stock  to  which 
all  may  go,  and  no  man  has  any  right  by  faulty  construction  of  his  conduits,  or 
by  their  deficient  construction,  or  by  a  desire  to  appropriate  more  than  his  share 
of  the  water,  to  diminish  that  common  stock  of  the  water  to  any  greater  extent 
than  his  necessities  require. 

This  brings  us  to  the  question  whether  or  not  it  is  the  duty  of  the  prior  appro- 
priator to  make  use  of  such  new  means  as  may  result  in  the  more  economical  con- 
veyance of  water  than  those  which  he  had  heretofore  provided  for  himself. 
Whether  or  not  it  would  be  his  duty,  if,  for  instance,  he  was  an  irrigator  under 
the  Tempe  Canal,  to  construct  a  new  conduit  from  the  Highland  Canal  to  his 
lands,  and  thereby  conduct  his  water  at  a  considerable  saving  of  the  common 
stock  of  water,  assuming,  of  course,  that  the  Highland  Canal  is  capable  of  carry- 
ing, in  addition  to  that  which  it  is  already  under  obligation  to  carry,  the  quantity 
ffufficient  for  his  use. 

The  variety  of  means  adopted  for  the  diversion  of  water  vary  under  different 
conditions.  The  person  who  first  appropriates  usually  finds  in  the  natural  water 
course  a  volume  of  water  in  excess  of  that  which  he  himself  needs,  and  to  divert 
the  comparatively  small  proportion  of  the  whole  volume  which  he  may  need 
wonld  be  inexpensive  and  easy  of  accomplishment.  It  is  usually  unnecessary  for 
the  first  appropriator  to  construct  a  dam,  or  that  he  should  excavate  a  ditch  to  the 
bottom  of  the  water  course  whence  he  divert  his  water;  because  of  the  superabun- 
dance in  the  natural  water  course  enough  for  his  purpose  may  be  diverted  by  less 
expensive   means.     As,  however,  others  seek,  subsequently,  to  appropriate  a 
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portion  of  the  same  stream  above  the  point  of  diversion  by  the  first,  a  diminution  • 
the  quantity  of  the  water  going  down  to  the  first  appropriator  results  in  such 
reduction  of  the  volume  of  water  that  the  means  adopted  by  the  first  appropriat 
will  not  enable  him  to  continue  his  diversion,  and  he  must,  in  order  to  get  t] 
water,  either  construct  a  dam  so  as  to  divert  the  water  or  excavate  his  ditc 
deeper,  so  as  to  reach  and  divert  the  water  from  the  diminished  quantity  flowii 
in  the  natural  water  course.  This  would,  of  course,  entail  an  additional  ezpeni 
upon  the  first  appropriator. 

To  illustrate  the  question,  let  us  suppose  that  upon  a  water  course  there  is  fl 
average  fiow  of  water  of  4  feet  in  depth;  that  the  construction  by  the  first  appr 
priator  of  a  ditch,  the  bottom  of  which  is  2  feet  below  the  surface  of  the  wate 
enables  him  thereby  to  divert  all  the  water  he  needs.  Suppose  that  thereafti 
another  appropriator  constructs  above  the  point  of  diversion  by  the  first  a  ditc 
which  appropriates  2  feet  in  depth  of  the  water,  and  diminishes  it  so  in  volun 
that  instead  of  flowing  by  the  point  of  diversion  by  the  first,  4  feet  in  depth, 
now  fiows  only  2  feet  in  depth.  Still  the  quantity  there  fiowing  is  sufficient  1 
supply  the  needs  of  the  first  appropriator.  It  will  be  seen  that  the  first  appr< 
priator  can  not,  by  the  means  then  had,  divert  his  amount  of  water,  and  there 
necessarily  entailed  upon  him  an  ezx)ense  of  either  further  excavation  of  the  ditc 
or  the  erection  of  a  dam  in  order  to  raise  the  surface  of  the  water  to  a  point  i 
which  it  can  be  diverted  into  his  ditch;  and  this  additional  ezx)ense  is  entailed  b 
the  act  of  the  subsequent  appropriator.  It  is  not  a  question,  as  I  have  put  it,  of 
deficiency  in  the  supply  of  water,  but  it  is  merely  a  question  of  the  right  of  a  sul 
sequent  appropriator  to  diminish  the  volume  of  water  flowing  to  such  an  extei 
that  it  can  not  be  diverted  by  a  prior  appropriator  by  the  means  he  then  had.  V9 
think  that  it  certainly  can  not  be  said  that  the  first  appropriator  has  the  right  1 
have  the  water  flowing  such  a  way  that  by  his  first  means  of  diversion  he  can  sti 
continue  his  appropriation  of  the  water.  The  whole  policy  of  the  law  is,  that  a 
of  the  waters  in  the  streams  in  this  Territory  should  be  used  for  mining,  agrricul 
tural,  and  milling,  and  that  there  shall  be  no  appropriation  by  anyone  in  a  mai 
ner  that  shall  prohibit  subsequent  appropriation  by  others,  unless  that  subsequeo 
appropriation  leaves  an  insufficient  quantity  of  water. 

The  court  held  that  the  title  to  irrigating  water  inheres  in  the  Ian. 
iiTigated  and  not  in  the  company  diverting  the  water,  and  that  prio" 
ity  of  time  at  which  the  water  was  applied  to  beneficial  use  constitute 
priority  of  right  to  use  of  said  water,  and  that  this  priority  was  detC" 
mined,  not  by  the  date  of  diversion  from  the  river,  but  by  the  da 
of  such  actual  beneficial  use.     Evidence  was  therefore  taken  to  esta 
lish  the  date  of  actual  irrigation  of  each  tract  of  land  under  esm 
canal,  the  date  of  such  irrigation  determining  the  beginning  of  H 
right  to  the  quantity  of  water  requisite  for  such  irrigation.     Ea— 
canal,  therefore,  was  entitled  in  any  given  year  only  to  such  quanti__ 
of  water  as  was  necessary  to  irrigate  the  lands  actually  under  cul 
vation,  subject  to  similar  rights  of  other  lands  previously  acquires 
The  unit  of  area  for  this  purpose  was  taken  as  160  acres,  or  a  quart:: 
section,  although  fractions  of  such  tracts  were  considered  in  rend^ 
ing  the  decision,  the  lowest  subdivision  considered  being  40  acres, 
one-fourth  of  a  quarter  section.     The  duty  of  water  was  assumed 
64  miner's  inches  for  a  quarter  section  of  land.     A  miner's  inch  w^- 
defined  to  be  one-fortieth  of  a  cubic  foot  per  second,  which  made  tB 
duty  of  1  cubic  foot  per  second  100  acres.     On  this  basis  a  decisic 
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was  made,  from  which  the  following  table  was  constructed,  under  the 
orders  of  the  court: 

Table  showing  far  each  year  the  number  of  quarter  sections  under  each  canal  enti" 

tied  to  vxLterfrom  Salt  River  cw  per  decree  of  court. 


Year. 

Salt 

River 

Valley 

Canal. 

Mari- 
copa 
Canal. 

Tempe 
Canal. 

San 
Fran- 
cisco or 
Worm- 

ser 
OtfiaL 

Utah 
CanaL 

Mesa 
CanaL 

Grand 
('4inal. 

Ari- 
zona 
Canal. 

Total 
Number 
of  quar- 
ter sec- 
tion 8  for 
each 
year. 

1868 

134 
22 

814 

48 

784 

904 

904 

804 

924 

854 

102 

104 

109 

1164 

1174 

1184 

1194 

1204 

1214 

1224 

1284 

1234 

1 
6 

144 
244 
284 
29 
31 
32 
86 
41 
58 
654 
M4 
102 

im 

124i 

1284 

138 

135 

134 

139 

189 

134 
28 
46 
854 
167 
1884 
1904 
1914 
1974 
2224 
293 
3304 
364 
400 
4614 
5014 
5164 
5804 
6564 
7ftH 
9294 
946 

1860 

1870 

1871 

5 

49 

57 

57 

57 

57 

57 

67 

70 

70 

72 

90 

90 

95 

98 

105 

113 

117 

117 

8 
8 
12 
12 
12 
12 
22 
22 
22 
24 
24 
27 
28 
28 
28 
29 
31 
81 
81 

18T2 

18T8 

1874 

1875 

1876 

1877 

7 

24 
24 
24 
24 
26 
38 
38 
38 
88 
40 
55 
55 

1878 

28 

80 
35 
43 
50 
50 
62 
73 
75 
82 
82 
82 

2 
15 
174 
184 
284 

^ 
«| 

464 
474 
474 

484 
484 

434 

1054 
192i 
3334 
860 

18T9 

1880 

1881 

1IW8 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

The  figures  in  the  columns  headed  Salt  River  Valley  Canal,  Man- 
eopa  Canal,  etc.,  indicate  the  number  of  quarter  sections  irrigated  in 
the  year  designated  in  the  column  on  the  extreme  left.  Bearing  in 
mind  that  priority  in  time  denotes  priority  in  right,  it  will  be  seen 
that  although  the  oldest  water  rights  are  in  the  Salt  River  Valley  and 
Maricopa  canals,  such  priority  extends  only  to  the  quantity  of  water 
necessary  for  those  tracts  which  were  irrigated  previous  to  lands  irri- 
gated under  other  canals.  Thus  in  1873  the  area  irrigated  under  the 
Salt  River  Valley  Canal  was  increased  by  12  quarter  sections  over  that  of 
1872,  but  the  additional  water  necessary  for  this  increase  was  second- 
ary in  right  to  all  lands  irrigated  in  1872,  whether  under  the  Tempe, 
the  Wormser,  or  the  Maricopa  Canal.  It  will  be  seen  that  516^  quar- 
ter sections,  or  82,640  acres,  were  irrigated  in  1884,  requiring  under 
the  adjudicated  duty  of  water  826  second-feet.  In  addition  to  this, 
Hayden's  mill  was  entitled  to  1,100  inches,  but  this  amount  need  not 
be  deducted  from  the  irrigating  supply  of  the  river,  because  the  water 
from  Hayden's  mill  returned  to  the  river  above  the  head  of  the  oldest 
canals  and  could  be  rediverted  by  them  for  irrigation. 
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Considerable  effort  has  been  made  by  the  later-constructed  canal 
Xmrticularly  the  Arizona  and  Mesa  Consolidated,  to  establish  claim 
what  is  called  the  surplus  waters  or  flood  discharge  of  Salt  Rive 
These  rights  are  of  somewhat  doubtful  value  for  any  purpose 
which  these  canals  can  put  them,  for  the  high  waters  embraced  I 
such  claims  are  of  short  duration  and  can  not  be  utilized  to  matu 
any  crop.  They  are  used  for  '^ soaking  up"  the  ground  during  tl 
period  of  high  water  in  the  hope  that  a  portion  of  the  moisture  will  1 
retained  by  the  soil  to  mitigate  the  drought  thfough  the  low-wat 
season,  when  such  waters  can  not  be  applied.  It  is  obvious  that  sue 
a  use  of*  waters  is  not  a  use  at  all,  but  a  waste.  It  is  not  especial 
objectionable  at  present,  except  that  in  some  instances  farmers  a 
thus  encouraged  to  plant  crops  which  can  be  matured  only  by  the  ui 
of  water  obtained  either  illegally  or  through  the  generosity  of  son 
of  the  older  proprietors.  What  standing  such  claims  to  the  surpli 
waters  can  obtain  in  the  courts  remains  to  be  seen.  If  they  are  su 
tained,  the  result  will  be  disastrous  to  the  future  development  of  in 
Ration,  for  it  is  these  surplus  waters  upon  which  any  project  f< 
storage  on  the  upper  waters  of  the  Verde  and  Salt  rivers  must  large' 
depend.  Such  storage  works  will  hold  the  surplus  wat-ers  for  uj 
during  the  dry  season,  when  the}^  are  most  needed,  but  if  title  is  he] 
in  the  manner  claimed,  they  will  probably  continue  to  be  wasted  t 
at  present. 

IRRIGATION   WORKS   PROJECTED. 

Having  noted  the  principal  irrigating  systems  taking  water  froi 
the  Salt  and  Gila  rivers,  and  reviewed  in  a  general  way  the  demanc 
for  water  and  the  claims  made  upon  the  flow  of  these  streams,  it 
pertinent  to  discuss  at  some  length  the  attempts  now  being  made  t 
increase  the  available  water  by  means  of  reservoirs  and  other  worl 
designed  to  save  in  part  the  waste  water  occurring  in  floods.  Tl 
principal  projects  which  have  been  survej'^ed  by  individuals  and  ca 
X)orations  or  examined  by  the  Gk)vemment  are  known  as  the  R 
Verde,  Tonto  Basin,  Walnut  Grove,  Agua  Fria,  Cave  Creek,  Butte 
Lower  Gila,  and  Queen  Creek. 

RIO  VERDE. 

This  enterprise  contemplates  the  storage  of  waters  at  the  site  on  t- 
Rio  Verde  known  as  the  Horseshoe  Reservoir,  in  T.  8  N.,  R.  6  E.,  Gi 
and  Salt  River  meridian.  The  drainage  area  tributary  to  this  res^ 
voir  is  nearly  6,000  square  miles.  The  proposed  height  of  the  dB 
at  this  i)oint  is  150  feet  above  the  present  surface  of  the  river,  ancl 
will  extend  to  a  maximum  depth  of  25  feet  to  bed  rock.  It  will 
386  feet  long  at  the  low- water  line  of  the  river,  and  1,250  feet  alo^ 
the  top.  It  is  pi'oposed  to  build  this  dam  of  a  rock-filled  type  havii 
side  slopes  of  2:3,  made  impervious  on  the  water  side  by  a  sheet 
asphalt  pavement  extending  to  bed  rock.     The  spillway  is  situated  ov 
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2,000  feet  west  of  the  dam  and  is  separated  from  it  by  a  mass  of  rock 
rising  over  75  feet  above  the  spillway.  It  will  be  about  1,000  feet 
lon^.  This  reservoir  will  have  a  length  of  about  6  miles,  a  surface 
area  of  3,402  acres,  and  a  capacity  of  204,935  acre-feet,  as  shown  by 
the  following  table,  which  gives  the  area  and  capacity-  for  each  10 
feet  elevation  of  the  surface: 


Area  and  capacity  of  Horseshoe  Reservoir. 


Contours. 

Area,  in 
acres. 

Acre -feet  be- 
tween 
contours. 

Total  capacity 
in  acre-feet. 

10 

39 

270 

270 

20 

99 

690 

960 

30 

268 

'1,835 

2,795 

40 

442 

3, 550 

6,345 

50 

720 

5,810 

12, 155 

00 

974 

8,470 

20, 625 

70 

1,178 

10,760 

31,385 

80 

1,398 

12,880 

44,265 

90 

1,665 

15, 315 

59,580 

100 

1,916 

17,905 

77, 185 

110 

2,109 

20, 125 

97, 610 

130 

2,349 

22,290 

119,900 

130 

2,646 

24,975 

144,875 

140 

2,982 

28,140 

173,015 

150 

3.402 

81,920 

204,935 

Work  upon  the  dam  itself  has  not  yet  been  begun,  but  the  outlet 
tonnel  is  completed.  It  is  intended  to  divert  the  river  through  this 
tunnel  when  necessary  to  complete  the  foundations.  The  tunnel  is 
715  feet  long,  12  feet  in  diameter,  with  open-cut  approaches. 

About  18  miles  below  the  Horseshoe  Reservoir  the  water  is  to  be 
diverted  from  the  river  by  a  dam  90  feet  high  and  475  feet  long,  of  the 
rock-filled  type.  Here  the  canal  is  to  head  with  a  bottom  width  of  25 
feet,  depth  of  water  8  feet,  side  slopes  1:1,  and  a  fall  of  0.0003.  The 
estimated  mean  velocity  is  to  be  3  feet  per  second  and  the  capacity  800 
cubic  feet  per  second.  This  section  is  continued  for  a  distance  of  54 
miles,  a  considerable  part  of  the  distance  being  through  rough  country, 
with  very  heavy  construction.  At  the  end  of  the  54  miles  the  bottom 
width  is  reduced  to  20  feet,  and  this  width  is  maintained  15  miles  far- 
ther to  the  crossing  of  New  River.  At  New  River  it  is  proposed  to 
eonstmct  another  reservoir,  partly  to  impound  the  storm  waters  of  this 
stream,  which  is  ordinarily  dry,  and  partly  to  receive  the  waste  waters 
from  the  canal.  The  proposed  dam  for  this  reservoir  will  be  100  feet 
hi|2rh,  with  a  top  length  of  1,800  feet,  which  it  is  said  will  impound  over 
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100,000  acre-feet  of  water.  It  is  not  intended  to  construct  this  reser- 
voir at  present,  but  it  is  contemplated  as  a  future  possibility  after 
the  development  of  the  upp>er  portion  of  the  project.  It  is  proposed 
to  continue  the  canal  from  this  reservoir  on  a  grade  line  across  the 
Agua  Fria  River,  round  the  base  of  the  White  Tank  Mountains,  and 
across  the  Hassayampa,  and  to  utilize  another  reservoir  west  of  the 
Ilassayampa,  just  above  the  Buckeye  Canal,  near  the  Four  Buttes, 
which  it  is  proposed  to  fill  by  a  lateral  feeder  from  the  main  canal. 
The  land  under  this  canal  between  Agua  Fria  and  the  Hassayampa 
rivers,  as  shown  on  the  map,  it  is  also  proposed  to  irrigate  from  the 
Agua  Fria  Land  and  Water  Company's  works.  The  conflict  of  inter- 
ests here,  however,  is  more  imaginary  than  real,  as  there  is  abundant 
good  land  to  utilize  all  the  water  that  can  be  furnished  by  both  these 
projects  and  any  others  that  m^y  be  constructed. 

The  estimated  cost  of  the  dam  for  the  Horseshoe  Reservoir  is  $600,- 
000;  the  diversion  dam  is  estimated  to  cost  $200,000,  and  the  canal  to 
the  Hassayampa  is  estimated  to  cost  about  $1,200,000,  making  $2,000,- 
000  in  all,  exclusive  of  the  two  reservoir  sites  in  the  plains.  It  is 
estimated  that  from  the  head-gates  to  the  Agua  Fria  River  the  canal 
covers  an  area  of  125,000  acres  of  irrigable  lands,  including  a  very 
desirable  tract  of  nearly  50,000  acres  in  Paradise  Valley.  West  of 
the  Agua  Fria  the  land  to  be  irrigated  is  an  almost  unbroken  plain  of 
sandy  loam,  and  comprises  more  than  125,000  acres  above  the  Buck- 
eye Canal  and  east  of  the  Hassayampa.  As  above  stated,  this  project 
is  under  construction,  the  greater  part  of  the  work  already  done  being 
upon  the  canal.  The  magnitude  of  the  undertaking,  the  natural  dif- 
ficulties to  be  overcome,  and  the  prevailing  business  depression  com- 
bine to  render  its  prosecution  a  matter  of  peculiar  difficulty. 

The  company  claims  to  have  sold  water  rights  for  about  100,000 
acres  at  prices  varying  from  $10  to  $18  per  acre,  paid  for  at  the  rate 
of  $1  down  and  $1  per  year  thereafter.  The  payment  of  this  $1  per 
acre  each  year  is  considered  to  be  a  sufficient  compliance  with  the 
law  requiring  a  person  entering  desert  land  to  expend  a  certain  amount 
in  the  use,  irrigation,  reclamation,  and  cultivation  of  the  land.  After 
the  works  are  constructed  the  owners  of  the  water  right  are  to  pay  a 
certain  amount  per  quantity  of  water  used,  the  unit  of  measurement 
being  the  cubic  foot.  The  rate  charged  is  to  be  a  gradually  increas- 
ing one  from  $1.21  up  to  $2.42  per  acre-foot  after  ten  years.  The 
maximum  amount  of  water  which  can  be  demanded  in  any  one  year 
is  at  the  rate  of  2  acre-feet  for  each  acre  irrigated. 

THE  TONTO  BASIN  PROJECT. 

Just  below  the  junction  of  Tonto  Creek  with  Salt  River,  near  the 
line  between  Gila  and  Maricopa  counties,  Salt  River  passes  through 
a  deep,  narrow  gorge  of  solid  rock.  Above  this  point  both  streams 
flow  through  wide,  level  valleys,  which  are  settled  and  cultivated  to 
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a  considerable  extent.  The  Hudson  Resenoir  and  Canal  Company 
has  made  surveys  and  estimates,  contemplating  the  construction  of  a 
dam  at  this  point  (fig.  9)  about  215  feet  high  from  bed  rock  and  610 
feet  long  on  top,  which  it  is  claimed  will  give  a  reser\'oir  capacity  of 
over  800,000  acre-feet.     A  spillway  is  to  be  cat  around  each  end  of 


.—Elevation  oT  proposed  dam 


this  dam,  as  shown  in  PI.  XXI.  It  is  proposed,  first,  to  build  a  dam 
on  an  ogee  section  (fig.  10,  a)  about  140  feet  in  height,  heavj'  enough 
to  form  the  base  of  the  dam  of  the  full  height,  and  to  allow  the  flood 
water  to  pass  over  its  crest  after  the  reservoir  fills.  After  the  waters 
impounded  by  this  reservoir  have  been  disposed  of  the  dam  will  be 
completed  (fig.  10,  b)  and  the  additional  waters  will  be  sold. 
Several  lines  have  been  surveyed  for  the  location  of  a  canal  to  con- 
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Fia.  10.— Profile  of  propoaed  dam  on  Salt  River,   a,  first  coiutrxictloni  b,  completed. 

dact  these  waters  to  irrigable  lands  on  the  south  side  of  the  river,  and 
it  has  been  shown  that  by  divei-ting  the  waters  well  up  in  the  canyon 
of  Salt  River  they  can  be  delivered  high  enough  to  water  a  large  tract  of 
land  at  present  not  under  canal  and  to  irrigate  the  greater  portion 
of  the  valley  lands  on  the  Pima  Indian  Resetrstlon.  This  involves  s 
IBB  2 5 
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large  amount  of  costly  construction  in  the  canyon,  and  it  is  not  prob- 
able that  such  a  line  will  be  found  advisable.     Large  tracts  of  unculti- 
vated land  are  already  under  existing  canals,  particularly  the  Arizona, 
the  Mesa  Consolidated,  and  the  Highland  canals.     Many  of  the  older 
canals  have  also  under  them  considerable  tracts  of  uncultivated  landa. 
for  which  they  hold  no  water  right,  and  whatever  waters  are  left  aftet:^ 
supplying  all  these  demands  can  be  distributed  from  the  line  some — . 
what  higher  and  parallel  to  the  Highland  Canal  without  invohin, 
much  hea\'y  construction. 

It  would  probably  be  impossible  to  find  anywhere  in  the  arid  regie 
a  storage  project  in  which  all  conditions  are  as  favorable  as  for  th 
one.     The  capacity  of  the  reservoir,  in  proportion  to  the  dimensio 
of  the  dam,  is  enormous.     The  lands  to  be  watered  are  of  remarkal^^^ 
fertility,  in  a  climate  which  may  be  classed  as  almost  semitropic,  ai=^<} 
are  vastly  greater  in  area  than  the  water  can  supply.     To  a  consid^:^*- 
able  extent  they  are  already  settled  upon,  and  the  water  is  in  liv^X  j- 
demand.     The  character  of  rock  at  the  dam  site  is  said  to  be  exe^l. 
lent  for  the  construction  and  foundation  of  the  dam.     There  is  trit^Tj- 
tary  to  this  reservoir  about  5,756  square  miles  of  mountainous  countx^, 
ranging  in  altitude  from  2,000  to  12,000  feet,  and  including  some  cff 
the  best  drainage  area  in  Arizona.     Many  of  the  tributaries  of  Salt 
River  find  their  source  at  the  foot  of  the  bold  escarpment  of  the 
MogoUon  mesa.     Tonto  Creek,  for  instance,  heads  at  the  foot  of  this 
mesa  with  the  volume  of  a  very  considerable  rivulet  within  a  few  hun- 
dred yards  of  the  divide.     Such  streams  evidently  obtain  considerable 
water  supply  from  the  precipitation  which  falls  north  of  the  divide, 
as  pointed  out  on  page  16. 

These  facts  indicate  that  the  watershed  tributary  to  this  reservoir 
is  not  only  large  but  favorable  to  a  high  percentage  of  run-off.    It  ^^ 
doubtful,  however,  whether  the  immense  reservoir  capacity  abo%^^^ 
referred  to  could  be  filled  in  the  driest  years,  and  what  proportion  c^^ 
its  capacity  should  be  held  as  a  reserve  for  years  of  minimum  run-o^   ^ 
can  not  be  determined  exactly  without  a  long  series  of  measurement^® 
of  the  discharge  of  Salt  River  between  the  mouth  of  the  Verde  Riv^^^ 
and  the  mouth  of  Tonto  Creek.     Such  measurements  have  bee  ^^^ 
roughly  carried  on  for  over  a  year  by  the  Hudson  Reservoir  and  Can^^^ 
Company,  and  the  results,  so  far  as  observed,  are  given  on  page  3^^' 
but  the  series  is  too  short  to  justify  a  positive  expression  on  th2^  ^^^ 
point.     There  can  be  no  doubt,  however,  that  in  this  reservoir  si 
lies  one  of  the  most  important  possibilities  for  the  future  of  the  ag 
culture  of  southern  Arizona. 

PI.  XXIII  shows  the  outlines  of  this  reservoir  site  as  survey 
The  shaded  portions  represent  cross  sections  on  the  lines  indicated. 
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Area  and  capacity  of  Tonto  Reservoir. 


Height 

above  low 

water. 

Capacity,  in 
acre-feet. 

Surface,  in 
acres. 

Elevation 

above 
sea  level. 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

125 

130 

135 

140 

145 

150 

155 

160 

165 

170 

175 

180 

185 

190 

195 

200 

4,400 

6,100 

9,000 

11,900 

16,200 

20,000 

26,900 

33.300 

42,000 

50,700 

62,100 

73,500 

88,500 

108,600 

122,700 

141,800 

164,700 

187, 700 

214, 700 

241,800 

272,800 

303,900 

338,600 

373, 400 

413,000 

453, 000 

498,000 

544,000 

594,000 

645,000 

701,000 

757,000 

820,000 

880,000 

950,000 

1,020,000 

330 

420 

570 

780 

890 

1,030 

1,280 

1,510 

1,740 

1,980 

2,300 

2,610 

3,010 

8,430 

3,820 

4,210 

4,610 

4,990 

5,430 

5,860 

6,210 

6,570 

6,950 

7,350 

7,930 

8,530 

9,110 

9,680 

10, 170 

10,680 

11,240 

11,750 

12,300 

13,000 

13,600 

14,200 

1,950 

1,975 

2,000 

2,025 

2,0,50 
2,055 

2,075 

2,100 
2,105 

2,125 
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WALNUT  GROVE   RESERVOIR. 

A  storage  reserv^oir  was  built  on  the  Hassayampa  River  just  bel 
the  settlement  of  Walnut  Grove  in  1888.  *  The  dam  (fig.  11)  was  4:==20 
feet  long  on  top,  138  feet  wide  at  bottom,  15  feet  in  width  on  top,  ar^=3.<i 
110  feet  high.  As  shown  in  PI.  XXIV,  it  was  of  the  rock-filled  ^m^r 
placer-mining  type,  consisting  of  a  front  and  back  wall  of  dry  roc^lc 
carefully  laid  with  loose  rock  filling  between.  A  wooden  sheath  eo  ^%^- 
ered  the  water  slope  to  make  it  water-tight.     This  covering  was  f 


Pio.  IL— View  of  Walnut  Grove  dam. 

tened  to  vertical  stringers  about  8  by  10  inches,  which  in  turn  wei 
bolted  to  the  projecting  ends  of  heavy  logs  built  into  the  upper  fac- 
the  stringers  being  about  4  feet  apart  (fig.  12).  The  sheathing  coi 
sisted  of  two  thicknesses  of  3-inch  planking,  with  tarred  paper  la^^ 
between  the  two.  The  outer  face  was  calked  and  covered  m'^^^ 
paraflfin  paint.  Owing  partly  to  the  insufficiency  of  the  spillway  ar:*^^ 
partly  to  its  becoming  obstructed  with  driftwood,  the  great  flood  ^ 
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February,  1S90,  overtopped  thisdam,  causing  it  to  fail.  The  capacity 
of  this  reservoir  has  been  variously  estimated  at  from  7,000  to  14,000 
acre-feet.  Its  destruction  caused  the  loss  of  twenty-six  lives  and  a 
considerable  quantity  of  ifroperty  in  the  valley  below,  A  new  reser- 
roir  could  doubtless  be  constructed  on  the  same  site  which  would 
redeem  at  least  5,000  acres  of  the  land. 

AQUA  FBIA  PROJECT. 

The  Agua  Fria  Water  and  Laud  Company's  project  contemplates 
the  construction  of  two  reservoir  dams  and  one  diversion  dam  on 
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Apia  Fria  River.  The  diversion  dam,  a  view  of  which  is  given  in  H. 
■^XV,  is  already  nearly  completed.  It  is  built  of  rubble  masonry,  laid 
in  uiortar  made  with  a  natural  cement  burned  25  miles  southwest  of 
thedam  site,  at  the  foot  of  the  ^Vhite  Tank  Mountains.  The  masonry 
»«st  about  ii  per  cubic  yard,  the  stone  being  placed  by  cable  con- 
^ej'or,  as  shown  in  the  plate.     The  total  length  when  completed  will 
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be  650  feet,  the  greatest  height  above  the  creek  bed  40  feet,  ii 
tion  to  which  the  deepest  excavation  to  bed  rock  was  40  feet 
greatest  width  on  bed  rock  is  53  feet.  A  spillway  is  to  be  pr< 
around  the  west  end.  The  upstream  or  back  of  the  dam  is  ve 
The  lower  batter  is  12^  in  20.  Two  sluices  are  left  at  the  sur 
the  stream  bed,  each  4  feet  wide  by  6  feet  high,  to  dispose  of  th 
ing  waters.  The  top  width  when  completed  will  be  about  8  fe< 
October,  1895,  a  great  flood  came  down  the  river,  which  the  slui< 
were  unable  to  discharge  and  which  poured  over  the  dam  for  g 
hours  to  a  depth  of  more  than  8  feet,  finally  carrying  out  a  por 
the  recently  completed  masonry,  about  12  by  100  feet,  near  th 
end  of  the  dam.  The  portion  remaining  below  that  carried  a^ 
hibits  a  smoothly  plastered  surface  with  no  evidence  of  f raci 
indication  of  having  been  bonded  in  anyway  to  the  destroyed  s< 
The  rubble  masonry  contains  numerous  horizontal  joints  fi 
and  plastered  as  smooth  as  though  intended  for  a  floor,  appa 
diminishing  the  bond  with  the  next  course  above.  This  sec 
be  in  direct  contrav^ention  of  good  engineering  practice,  and 
count  in  a  measure  for  the  failure  of  the  portion  of  the  dam 
mentioned. 

The  canal  heads  at  the  east  end  of  the  dam  in  a  cut  IG  feet  c! 
solid  rock,  and  is  constructed  for  a  distance  of  about  4  miles.  ^ 
point  it  is  intended  to  carry  the  canal  across  the  river  in  a  flui 
feet  long,  and  to  extend  it  in  a  southwest erlj^  direction  aroin 
foothills  of  the  White  Tank  Mountains  toward  the  Hassayampa 
The  constructed  portion  of  the  canal  is  18  feet  wide  on  bottom, 
intended  to  carry  8^  feet  of  water.  The  grade  is  0.0004  or  2.] 
per  mile,  and  the  capacity  is  intended  to  be  400  cubic  feet  of 
per  second.  A  large  lateral  is  to  be  taken  from  the  east  side 
main  canal  about  2^  miles  from  the  head,  to  extend  southwi 
the  service  of  the  lands  on  the  east  side  of  the  river. 

The  first  reservoir  dam  is  to  be  located  H  miles  above  the  d\\ 
dam,  at  an  old  stage  station  known  as  Frog  Tanks.  A  fairly  go< 
site  occurs  here,  with  rock  abutments,  and  the  bed  rock  is  sai< 
near  the  surface.  It  is  proposed  to  build  this  dam  to  a  height 
feet,  and  it  is  claimed  that  this  will  impound  about  50,000  ac 
of  water.  No  considerable  amount  of  work  has  been  done  up< 
dam  other  than  excavating  pits  on  the  slopes  and  making  sou 
to  ascertain  the  depth  to  bed  rock  in  the  bed  of  the  river.  Qi 
have  been  opened  and  a  large  amount  of  rock  has  been  quarri< 
prepared  for  the  work.  The  construction  of  this  dam  is  to 
immediately  after  the  completion  of  the  diversion  dam. 

Eight  miles  above  this  place  another  dam  site  is  located,  in  a 
through  solid  rock,  262  feet  wide  at  the  bed  of  the  river,  and  b 
feet  wide  at  a  height  of  200  feet.  It  is  said  that  this  basi 
impound,  with  a  dam  150  feet  high,  over  150,000  acre-feet  of 
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The  plans  of  this  irrigation  project  appear  to  be  open  to  criticism, 
for  by  continuing  the  canal  H  miles  farther  up  the  canyon  it  would 
have  reached  the  lower  reservoir  dam  site,  which  is  the  next  struc- 
ture contemplated  in  the  plans,  and  which  would  have  served  as  a 
diversion  dam,  and  the  cost  of  the  dam  already  constructed  might 
thus  have  been  saved.  The  construction  of  the  canal  through  this 
distance  would  be  expensive,  as  the  country  is  rough,  but  it  certainly 
would  not  approach  in  cost  that  of  the  diversion  dam.  Moreover, 
when  in  use  the  diversion  dam  will  require  to  be  filled  to  a  height  of 
nearly  40  feet  above  the  bed  of  the  creek  to  reach  the  intended  height 
in  the  canal.  This  will  form  a  pond  of  probably  40  or  50  acres  con- 
stantly exposed  to  evaporation  in  this  warm  and  arid  climate.  This 
loss  is  worth  considering,  for  the  water  supply  is  the  limiting  feature 
of  this  enterprise,  the  capacities  of  the  reservoirs  and  the  land  to  be 
irrigated  being  relatively  much  greater  than  the  water  supply  to  be 
depended  upon. 

CAVE   CREEK   PROJECT. 

The  Pennsylvania  Irrigation  Company  proposes  to  build  a  dam  100 
feet  high  in  the  canyon  of  Cave  Creek,  which  it  is  said  will  form  a  res- 
ervoir of  more  than  100,000  acre-feet  capacity.  The  water  is  to  be 
diverted  about  7  miles  below  and  used  in  the  irrigation  of  the  lands  in 
Paradise  Valley  above  the  line  of  the  Rio  Verde  Canal.  As  this  drain- 
age area  is  estimated  to  be  only  about  200  square  miles,  it  seems  improb- 
able that  this  area  will  furnish  sufficient  water  to  justify  the  construc- 
tion of  a  reservoir  of  this  capacity;  but  a  reservoir  can  doubtless  be 
built  at  this  point  which  will  impound  all  the  waters  that  can  be 
depended  upon  from  its  drainage,  and  the  land  to  be  watered  is  abun- 
dant and  excellent. 

THE   BUTTES  RESERVOIR. 

At  a  point  about  14  miles  east  of  Florence  the  Gila  River  passes 
between  two  buttes  locally  known  as  **The  Buttes."  For  many  years 
it  has  been  proposed  to  build  a  dam  at  this  point  to  store  the  flood 
waters  of  the  Gila  River  for  the  reclamation  of  the  arid  plains  below. 
This  project  was  investigated  by  the  writer  in  1806  in  connection  with 
the  water  supply  for  the  irrigation  of  the  Pima  Indian  Reservation.* 
A  detailed  survey  was  made  of  the  gorge  through  which  the  river 
passes,  for  the  purpose  of  determining  the  best  point  for  a  dam  and 
its  dimensions  and  cubical  contents.  The  scale  adopted  was  50  feet 
to  an  inch  and  the  contour  interval  2  feet,  except  where  the  slopes 
were  too  precipitous  for  this  interval,  when  only  10-foot  contours  were 
drawn.  After  the  completion  of  this  survey  the  reservoir  site  to  an 
elevation  200  feet  above  the  bed  of  the  river  in  the  gorge  was  mapped 

1  Flfty-fonrtb  Congress,  second  session,  Senate  Doc.  No.  27. 
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on  a  scale  of  5  inches  to  a  mile  in  10-foot  contours.    The  resei 
capacities  obtained  by  this  survey  are  as  follows: 

Area  and  capacity  of  The  Buttes  Reservoir, 


Contour 
flow  line. 

Area,  in 
acres. 

Capacity 

of  section,  in 

acre-feet. 

Total  cai>ac- 

ity,  in 

acre-feet. 

10 

20 

100 

100 

20 

71 

450 

550 

30 

229 

1,500 

2,050 

40 

397 

3,130 

5,180 

50 

533 

4,650 

9,830 

60 

741 

6,370 

16,200 

70 

928 

8,345 

24,545 

80 

1,105 

10,165 

34,710 

90 

1,329 

12, 170 

46,880 

100 

1,566 

14, 475 

61,355 

110 

1,769 

16,675 

78,030 

120 

2,029 

18,990 

97, 020 

130 

2,367 

21,980 

119,000 

140 

2,746 

25,565 

144, 565 

150 

3,149 

29,475 

174,040 

160 

3,602 

33,755 

207, 795 

170 

4,118 

38,600 

246,395 

180 

4,609 

43,635 

290,030 

190 

5,133 

48,710 

838,740 

200 

5,651 

53,920 

392,660 

Eleven  soundings  for  bed  rock  were  made  at  the  dam  site  by  < 
ing  iron  rods  into  the  gravel.     What  was  supposed  to  be  bed 
was  reached  at  a  maximum  depth,  near  the  center  of  the  river,  < 
feet.     The  site  proposed  for  this  dam  is  where  the  river  enter 
gorge  (PI.  XXVI),  between  the  end  of  a  projecting  ridge  on  the 
and  a  solid  igneous  dike  on  the  west.     It  is  proposed  to  build 
dam  to  a  height  of  170  feet  above  the  bed  of  the  river,  or  235  feet 
bed  rock.     The  top  width  is  to  be  12  feet;  the  upstream  or  back  \ 
is  to  be  1  in  20,  the  face  slope  1  in  2  from  the  top  to  a  point  80 
below  the  top,  and  2  in  3  from  that  point  to  bed  rock,  as  shown  ii 
13.     A  spillway  capacity  of  over  100,000  cubic  feet  per  second 
be  provided,  partly  to  the  east  and  partly  to  the  west  of  the  ( 
Both  spillways  will  discharge  their  waters  clear  of  the  dam. 
reservoir  will  have  a  capacity,  as  shown  in  the  above  table,  of  20i 
acre-feet  above  the  outlet  tunnel,  which  will  be  about  30  feet  a 
the  bed  of  the  stream.     The  outlet  tunnel  will  pierce  the  hill  tc 
southwest  of  the  dam,  and  will  be  about  1,200  feet  in  length. 


i 
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Anotlier  and  larger  tunnel  will  be  cut  through  the  ridge  to  the  east 
of  the  dam,  on  a  considerably  steeper  grade,  and  discharge  on  a  level 
with  tlie  river  bed,  for  use  as  a  sluiceway  in  clearing  the  reservoir  of 
sediment.  The  discharge  of  the  Gila  River  was  measured  by  the 
United  States  Irrigation  Survey  for  the  year  ending  August  31,  1890. 


Surface  of^rmvei 


leTFK 

Fio.  13.— Profile  of  proposed  dam  at  The  Buttes. 

The  results  of  this  measurement  are  given  on  page  40.  Measure- 
ments for  irrigation  investigation,  under  the  auspices  of  the  Indian 
Bureau,  were  begun  by  the  writer  at  the  same  point  December  10, 
1895,  and  continued  until  July  1, 1896,  and  they  have  been  continued 
since  that  date  to  the  present  time  by  the  United  States  Geological 
Survey.     Previous  to  this  private  parties  endeavoring  to  establish 
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claim  to  this  reservoir  site  took  readings  of  gauge  height  and  occj 
sionally  measured  the  velocity  by  the  use  of  floats.     With  the  da%3a 
obtained  in  this  manner,  and  by  comparison  with  measurements  mac^e 
in  1896,  the  discharge  of  the  river  has  been  approximated  from  Ja^^y 
to  December.     The  results  for  1895-96  are  given  on  page  40,  anA^  a 
diagram  of  the  discharge  as  actually  measured  is  given  in  fig.  7.     "PTlie 
area  of  this   basin  is  so  large,  its  topography  so  varied,  the  rain- 
fall so  small  and   erratic,  and  the  evaporation  so  great  that  it     is 
impossible  to  arrive  at  any  conclusion  from  theoretical  considerations 
as  to  the  amount  of  run-off  to  be  expected  from  it.     This  can     be 
determined  only  by  a  long  series  of  measurements.     It  is  probat>le, 
however,  that  an  area  of  75,000  to  100,000  acres  can  be  reclaimed   l>y 
waters  stored  at  this  point.     The  cost  of  such  reclamation  would    bfi 
something  over  $2,000,000. 

QUEEN   CREEK  RESERVOIR  SITE. 

Queen  Creek  rises  in  the  mountains  to  the  eastward  of  Silver  King 
mine,  and,  flowing  in  a  general  southwestern  direction,  leaves  th^ 
mountains  below  Whitlow's  ranch,  and  in  ordinary'  years  loses  itself 
in  the  desert  north  of  the  Gila  River  Reservation.     In  times  o:C 
extremely  liigh  and  protracted  floods  the  waters  of  this  creek  reaclp- 
Gila  River  several  miles  below  Sacnton  Agency.     At  Whitlow's  ranch 
the  creek  passes  between  two  buttes,  forming  a  narrow  rocky  gorge 
advantageously  conditioned  for  a  dam  site,  and  above  this  point  the 
valley  spreads  out  in  a  broad  basin  favorable  for  storage.     This 
project  was  investigated  in  1896  in  connection  with  the  irrigation 
investigation  *  for  the  benefit  of  the  Pima  Indians  on  the  Gila  River 
Reservation,  little  being  known  of  its  possibilities  when  the  field  work 
began.     A  topographic  map  of  the  drainage  basin  was  made  on  a 
scale  of  1  mile  to  an  inch,  with  contour  intervals  of  100  feet.     Its  area 
is  142.5  square  miles,  or  91,200  acres,  61  per  cent  of  which  lies  above 
the  elevation  curv^e  of  3,000  feet  and  39  per  cent  below  that  curve. 
The  reservoir  sit^  was  surveyed  on  a  scale  of  5  inches  to  the  mile, 
curves  of  10  feet  interval  being  iiiserted  to  an  elevation  of  140  feet 
above  the  bed  of  the  creek  at  the  dam  site,  which  is  topographically 
the  limiting  height  of  a  possible  dam  at  this  site.     The  practical  limit, 
however,  is  reached  at  an  elevation  considerably  lower,  owing  to  the 
meager  water  supply,  which  is  limited  by  the  small  drainage  area, 
the  aridity  of  the  climate,  and  the  great  evaporation  to  which  the 
impounded  waters  would  be  exposed.     The  plans  proposed  provide 
for  a  dam  115  feet  above  the  bed  of  the  creek.     It  is  to  be  built  on 
the  rock-filled  plan,  with  a  water  slope  of  1  in  1,  a  down-stream  slope 
of  1  in  2,  and  a  top  width  of  10  feet.     (Fig.  14.)     Upon  the  water 
slope  is  to  be  laid  a  sheathing  of  asphalt  concrete,  and  from  the  up- 
stream toe  an  impervious  wall  of  cement  rubble  masonry  is  to  be 

>  See  report  in  Senate  Document  27,  Fifty-fourth  Congress,  second  session. 
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carried  do-w-n  to  bed  rock,  which,  in  the  deepest  place,  is  about  30  feet. 
Aq  outer  shell  of  carefully  laid  dry  rock  wall  is  to  be  built,  which 
will  l>e  carried  down  to  bed  rock  at  the  down-stream  toe.  Spillways 
will  be  excavated  at  each  end  of  the  dara,  and  it  is  from  these  that 
rock  will  l>e  obtained  foi-  the  construction  of  the  dam.  Little  Is  known 
of  the  hydrographie  possibilities  of  this  basin,  owing  to  the  almost 
total  absence  of  data  on  the  subject  \  record  of  rainfall  ten  months 
induration  was  kept  at  Siher  King  but  its  results  appear  to  be  of 
donbtfiil   utility.     Measurements  of  discharge  were  begun  at  Whit- 


low's ranch  in  July,  1896.  It  is  very  difficult  to  make  these  meas- 
nremente  with  any  considerable  degree  of  accuracy,  owing  to  the 
extremely  flashy  character  of  the  stream.  Almost  the  entire  discharge 
at  this  point  is  in  the  form  of  violent  floods.  It  is  estimated  that  a 
supply  of  about  10,000  acre-feet  per  annum  can  be  depended  upon 
from  this  project,  sufficient  to  i-eclaiui  about  5,000  acres  of  land  at  a 
cost  somewhere  about  $200,000.  A  table  and  diagrams  of  discharge 
of  this  stream  may  be  found  on  page  43.  An  abundance  of  excellent 
laod  lies  near  at  hand,  with  perfectly  smooth  surfaces  and  a  maxi- 
mam  slope  of  about  40  feet  to  the  mile. 
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Area  and  capacity  of  Queen  Creek  BtMrvoir, 


Contonr. 

Ar».In 

cj^mto 

2,060 

8 

40 

3,OT0 

22 

IM 

2,080 

52 

560 

2,090 

112 

1,880 

a,  100 

aoo 

2,965 

a,  no 

279 

5,425 

a,  120 

S56 

8,600 

2,180 

443 

13,005 

2,140 

538 

17,320 

2,160 

680 

28,800 

2,160 

737 

80,7«i 

2,170 

894 

39,050 

3.180 

1,019 

48,615 

a,  190 

1,191 

39,693 

THE  LOWER  GILA  STORAQB  RESERVOIR. 

This  project  contemplates  the  construction  of  a  large  dam  on  the 

Lower  Gila  in  the  gor^e  below  Oatman  and  Cottonwood  fiats,  not  far 

from  the  railroad  station  of  Sentinel.     So  great  diversity  of  climate 
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Pia.  15.— HecHon  of  proponed  Sontb  011«  dun. 

and  topography  is  embraced  by  tlie  drainage  tributary  to  this  reser- 
voir tliat  it  is  likely  that  it  would  receive  a  large  run-oflf  available  for 
storage  for  irrigation  and  very  materially  increase  the  area  reclaimable 
after  all  reservoirs  in  the  upper  imrtion  of  the  basin  are  utilized. 
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Work  on  this  reservoir  was  begun  in  1892,  but  was  discontinued, 
owing  to  financial  difficulties,  in  the  year  1893.  It  is  the  plan  at  pres- 
ent to  construct  at  this  point  a  dam  50  feet  in  height,  a  section  of 
which  is  shown  in  Fig.  15.  It  is  to  be  an  overflow  dam,  protected  on 
both  faces  with  asphalt  concrete.  Seepage  under  the  dam  is  to  be 
cut  off,  so  far  as  possible,  by  three  rows  of  fluted  sheet  piling,  one  row 
at  the  toe,  one  at  the  axis,  and  one  at  the  heel  of  the  dam.  This  dam 
is  to  be  utilized  also  as  a  diversion  dam  to  raise  the  waters  into  the 
proposed  canal,  which  will  be  taken  out  about  30  feet  above  the  nat- 
ural bed  of  the  river,  leaving  20  feet  storage  capacity  above  the  bot- 
tom of  the  canal.  The  amount  of  this  storage  capacity  is  not  known, 
but  is  undoubtedly  great. 

FUTURE  DEVELOPMENTS. 

Further  development  of  irrigation  in  Arizona  by  the  simple  diver- 
sion of  water  from  the  Gila  River  and  its  tributaries  is  impossible. 
As  already  indicated,  the  dry- weather  flow  of  these  streams  is  over- 
appropriated.  The  area  irrigated  from  such  streams  can  be  increased 
bv  more  economical  use  of  the  water  now  claimed,  but  the  actual  water 
supply  for  irrigation  can  be  increased  only  by  storage  and  in  some 
degree  by  the  development  of  underground  sources. 

NATURAL  ADVANTAGES. 

The  vast  extent  of  land  in  southern  Arizona  of  surpassing  fertility, 
admirably  situated  for  irrigation,  and  with  a  climate  the  aridity  and 
warmth  of  which  make  it  at  once  exceptionally  healthy  and  marvel- 
ously  productive,  and  depending  for  its  development  and  reclamation 
solely  upon  the  practicable  water  supply,  renders  the  item  of  water 
supply  of  vital  importance  to  the  future  history  of  the  Commonwealth. 
It  is  imx)ossible  in  the  present  state  of  knowledge  regarding  this  ques- 
tion to  make  even  an  approximate  computation  of  the  extent  to  which 
this  water  supply  can  be  increased.  Enough  is  known,  however,  to 
give  to  a  summary  of  the  known  possibilities  considerable  interest  and 
some  scientific  value.  Unquestionably  the  main  reliance  for  the 
increase  in  water  supply  is  the  storage  of  storm  and  winter  waters  and 
those  of  the  season  of  melting  snows,  to  be  held  and  allowed  to  flow 
upon  the  land  only  as  needed,  instead  of  flowing  to  the  sea,  or  of  being 
applied  for  a  short  time  in  excess  only  to  evaporate. 


STORAGE   OF   FLOODS. 

In  some  respects  the  topographic  and  climatic  conditions  in  Arizona 
are  peculiarly  favorable  for  the  complete  utilization  of  its  hydrographic 
possibilities.  Few  sections  of  the  country  are  so  well  supplied  with 
excellent  reservoir  sites  favorably  situated  for  the  conservation  of  the 
sorplos  waters  well  above  the  areas  to  be  irrigated.     These  favorable 
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conditions  seem  to  apply  not  only  to  the  location  and  great  capa< 
of  the  reservoir  sites,  but  to  their  engineering  practicability. 

This  is  a  point  the  importance  of  which  is  realized  by  few  pers 
who  have  not  made  irrigation  engineering  a  specialty.  The  imp: 
sion  seems  to  be  well-nigh  universal  that  wherever  a  locality  is  j 
vided  by  nature  with  surplus  waters  that  are  discharged  in  torre 
and  wasted,  such  watera  can  be  stored  and  entirely  utilized  for  irri 
tion.  As  a  matter  of  fact,  the  truth  of  this  proposition  is  the  except 
rather  than  the  rule.  This  is  chiefly  due  to  the  scarcity  of  practica 
topographic  conditions  for  the  construction  of  reservoirs  at  the  pL 
where  needed.  The  storage  of  water  for  domestic  use  in  cities  is  ofi 
accomplished  where  natural  conditions  are  by  no  means  favorat 
because  water  for  this  purpose  is  far  more  valuable  than  it  is  e^ 
likely  to  bo  in  any  part  of  the  world  for  general  irrigation  purpos 
While  it  may  be  practicable  and  economical  in  some  cases  for  a  C5 
to  pay  tens  or  even  hundreds  of  dollars  per  acre-foot  for  water 
domestic  use,  any  such  price  is  absolutely  prohibitory  where  the  w^ 
is  intended  for  irrigation  on  a  large  scale,  even  in  those  parts  of  i 
world  where  irrigation  is  brought  to  greatest  perfection,  where  pr« 
ucts  are  of  the  most  exceptional  nature  and  highest  value,  and  wa 
commands  the  maximum  price.  But  even  in  the  case  of  city  suppli 
it  is  by  no  means  practicable  in  all  cases  to  construct  storage  re» 
voirs  at  the  required  height  within  practical  limits  of  expense. 

It  will  thus  be  seen  that  for  the  storage  of  water  for  irrigation  I 
existence  of  peculiar  and  favorable  topographic  and  geologic  con* 
tions  for  the  construction  of  reservoirs  is  of  no  less  importance  th 
the  existence  of  waters  to  be  stored.  A  basin  of  large  capacity,  capal 
of  being  closed  by  a  structure  of  small  dimensions  and  unquestional 
safety,  or  if  naturally  already  inclosed,  capable  of  being  pierced  b] 
tunnel  or  cut  for  drawing  off  its  waters,  must  exist  at  an  elevati 
sufficiently  low  and  in  a  locality  convenient  for  the  reception  of  t 
waters  to  be  stored,  and  sufficiently  elevated  and  convenient  for 
waters  to  be  carried,  within  practicable  limits  of  cost,  upon  the  Ian 
to  be  irrigated.  Such  reservoirs,  furthermore,  must  be  of  consideral 
depth ;  otherwise  the  great  bulk  of  the  stored  waters  will  be  lost 
evaporation  before  they  can  be  utilized.  This  is  peculiarly  true 
Arizona,  on  account  of  the  excessive  aridity  and  heat  of  its  cliraa 
Even  with  the  most  favorably  conditioned  storage  sites  this  item 
evaporation  always  curtails  the  efficiency  of  a  reservoir  site  and  pla< 
a  limit  upon  its  utility  for  the  purposes  intended.  The  less  the  val 
of  the  water  impounded  the  more  favorable  must  be  those  topograpl 
conditions,  but  for  any  purposes  of  irrigation  they  must  be  so  fav 
able  as  almost  to  be  topographic  curiosities,  and  such  are  of  compa 
tively  rare  occurrence. 

Another  element  of  error  in  the  popular  assumption  above  refen 
to  arises  from  the  fact  that  the  great  floods  which  bear  such  immei 
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quantities  of  water  running  to  waste  and  which  make  such  a  strong 
impression  on  the  public  mind  are  so  infrequent  in  occurrence  and  so 
enormous  in  volume  that  their  storage  and  complete  utilization  are 
impossible.     The  observation  of  these  great  floods,  such  as  those  of 
1891,  in  both  the  Salt  and  the  Gila  rivers,  produces  an  impression  upon 
the  popular  mind  that  the  possibilities  of  irrigation  by  storage  are 
vastly  larger  than  in  fact  they  really  are.     Even  assuming  ideal  con- 
ditions regarding  the  existence  and  location  of  feasible  reservoir  sites, 
we  are  forced  by  a  study  of  the  facts  to  the  reluctant  conclusion  that 
such  great  floods  bear  no  relation  to  the  extension  of  irrigation  by 
means  of  storage  except  to  imperil  the  works.    As  before  stated,  these 
great  floods  occur  only  once  or  twice  in  a  great  many  years,  and  irriga- 
tion can  be  extended  only  in  approximate  proportion  to  the  supply  of 
water  that  can  be  obtained  in  the  driest  years.     To  a  certain  extent 
dry  years  may  be  reenforced  by  the  conservation  of  the  waters  from 
years  of  excessive  ruu-off.     Of  course,  the  reservation  of  a  large  sur- 
plus over  and  above  that  required  for  irrigation  in  the  year  of  great 
run-off  requires  the  provision  of  extensive  storage  capacity  and  con- 
sequent increase  in  the  cost  of  the  works,  but  a  limit  to  the  utility 
of  this  method  is  quickly  reached,  especially  in  the  climate  of  Arizona, 
by  the  heat  and  aridity  there  prevalent. 

Tlie  potential  evaporation  is  equivalent  to  a  depth  of  nearly  8  feet 
in  this  region,  and  a  reservoir  in  which  the  reserve  storage  filled  it 
only  to  a  depth  of  8  feet  would  be  entirely  evaporated  before  the  next 
season.     If  the  reserve  storage  extended  to  a  depth  of  16  feet,  it  would 
be  all  lost  before  the  second  year  was  reached.     To  tide  over  a  series 
of  dry  years  a  reservoir  of  great  depth  is  necessary.     When  we  con- 
sider the  fact  that  all  storage  reservoirs  which  it  is  practicable  to 
construct  for  purposes  of  irrigation  have  their  greatest  areas  in  the 
upper  contours,  it  will  be  seen  that  to  subtract  8,  IG,  32,  or  40  feet 
from  the  upper  zones  of  such  a  reservoir  is  to  lose  an  enormous  pro- 
portion of  its  stored  contents.     For  instance,  in  the  areas  and  capac- 
ities of  the  reservoir  surveyed  at  The  Butt^s,  given  on  page  72,  we 
find  that  for  a  depth  of  150  feet  the  area  of  the  reservoir  is  3,149  acres 
and  its  capacity  174,000  acre-feet.     Should  it  be  attempted  to  hold 
such  a  reservoir  filled  with  water  for  a  period  of  say  four  years,  we 
should  have  an  evaporation  of  at  least  30  feet  from  its  surface,  which 
would  lower  it  to  the  120-foot  contour,  at  which  the  capacity  is  97,000 
acre-feet,  or  a  little  more  than  one-half  the  quantity  which  was  held 
as  a  reserve.     Should  it  be  desired  to  hold  a  depth  of  100  feet  in  the 
f^rvoir  as  a  reserve  for  use  in  dry  seasons,  we  find  that  in  a  period 
of  four  years,  assuming  the  evaporation  in  that  time  to  be  30  feet,  the 
amount  would  be  reduced  from  61,355  acre-feet  to  24,545  acre-feet,  a 
loss  of  about  60  per  cent.     If  the  depth  of  reserve  storage  were  adopted 
as  70  feet,  we  should  have  a  capacity  of  24,545  acre-feet,  which  would 
^  reduced  by  four  years'  evaporation  to  about  5,000  acre-feet,  or 


80  IRRIGATION   NEAR  PHCENIX,  AEIZONA.  [no.2. 

about  21  per  cent,  and  another  year  would  practically  exhaust  it.  In 
the  Sweetwater  Reservoir,  in  southern  California,  90  feet  in  depth, 
80  per  cent  of  the  capacity  of  the  reservoir  is  within  the  upper  30  feet 
of  height  and  40  per  cent  within  the  upper  10  feet. 

It  will  be  readily  seen  that  the  practical  utility  of  a  reserve  storage 
is  limited  to  three  or  four  years,  even  with  very  deep  reservoirs. 
With  comparatively  shallow  reservoirs  no  such  use  is  possible.  Such 
great  floods  as  occur  only  once  or  twice  in  ten  or  twenty  years  can  not 
be  held,  even  with  unlimited  storage  capacity,  to  reenforce  the  years 
of  minimum  run-off,  which  of  course  occur  at  essentially  similar  inter- 
vals, and  the  meager  observations  at  hand  seem  to  indicate  that  they 
are  not  needed  in  the  years  in  which  they  occur,  as  such  years  are 
likely  to  yield  more  than  the  average  quantity  of  run-off,  independent 
of  such  floods.  On  the  other  hand,  they  are  a  constant  menace  and  a 
positive  peril  to  the  stability  and  perpetuity  of  the  reservoir,  owing 
both  to  their  great  magnitude  and  the  great  diflBiculty  of  determining 
what  this  magnitude  is.  Enormous  and  very  expensive  facilities 
must  be  provided  for  carrying  them  out  of  the  reservoir  without 
injury  to  the  dam. 

SILTING   OF  RESERVOIRS. 

One  of  the  most  difficult  problems  presented  in  the  storage  of  these 
great  torrents  is  the  enormous  quantities  of  rocks,  gravel,  sand,  mud, 
and  silt  which  they  carry  into  the  reservoir,  and  even  though  no  part 
of  the  flood  may  be  held,  the  load  of  solid  material  is  deposited  and 
contributes  to  fill  it  and  destroy  its  storage  capacity.  These  terrible 
torrents,  useless  and  dangerous  as  they  are,  contribute  the  major  por- 
tion of  the  solid  matter  which  is  caught  by  such  reservoirs,  and  this 
is  one  of  the  most  serious  and  difficult  problems  to  be  solved  by  the 
Irrigation  engineers  in  southern  Arizona.  The  amount  of  solid  mate- 
rial brought  down  in  this  manner  can  be  learned  only  by  impound- 
ing and  measuring  it.  Measurements  of  matter  carried  in  suspension 
have  been  made  on  the  Mississippi,  on  the  Potomac,  on  the  Rio  Grande, 
and  on  streams  in  California,  but  even  if  these  streams  could  be 
shown  to  bear  any  fixed  relation  to  the  torrents  which  it  is  proposed 
to  control  in  Arizona  the  problem  would  still  be  unsolved,  as  an  un- 
known quantity  of  such  material  is  rolled  along  the  bottom.  This  is 
proved  by  the  large  numbers  of  bowlders,  small  rocks,  and  gravel  they 
carry  which  never  could  be  held  in  suspension.  Careful  surveys  have 
been  made  of  new  reservoirs  in  California  with  this  problem  in  view, 
and  after  a  lapse  of  several  years  a  resurvey  will  doubtless  furnish 
valuable  information,  but  this  is  not  available  at  the  present  time. 
The  amount  of  solid  material  carried  by  the  torrents  of  southern  Ari- 
zona can  be  learned  only  by  impounding  it.  As  it  is  considerable,  it 
is  obvious  that  a  reservoir  built  on  such  a  water  course  will  eventually 
fill  with  solid  matter  unless  means  are  provided  for  its  removal.  No 
entirely  efficient  plan  for  this  purpose  has  ever  been  put  in  operation. 
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It  is  usually  assumed,  and  often  with  truth,  that  the  life  of  the  reser- 
voir is  sufficiently  long  to  justify  its  construction,  even  though  it  will 
eventually  fill  and  have  its  usefulness  destroyed.  The  amount  of  ma- 
terial carried  by  streams  in  southern  Arizona,  especially  in  the  sum- 
mer floods,  is  too  large  and  the  necessity  of  the  reservoir  to  the  life  of 
the  district  to  be  irrigated  from  it  is  too  vital  to  justify  this  convenient 
solution,  or  rather  evasion,  of  the  problem. 

At  least  one  eminent  engineering  authority  has  expressed  an  opin- 
ion that  such  a  reservoir,  even  when  filled,  would  retain  about  30  per 
cent  of  its  available  storage  capacity  in  the  voids  of  the  material 
deposited.     It  would  seem,  however,  that  this  opinion  is  entirely 
without  foundation.     The  fluctuating  character  of  such  streams,  as 
well  as  the  widely  variant  specific  gravity  of  the  material  carried, 
insures  such  a  mixture  of  materials  in  regard  to  their  fineness  that 
the  proportion  of  voids  would  be  much  smaller  than  in  a  body  of  sand 
or  other  material  of  approximate  uniformity  of  size.     By  filling  any 
given  volume  with  coarse  materials,  such  as  bowlders,  filling  the  voids 
of  these  bowlders  with  coarse  gravel,  these  voids  again  with  finer 
gravel,  and  so  on  through  the  coarser  grades  of  sand  to  the  very  finest 
silt,  using  of  each  material  just  enough  to  fill  the  larger  voids  in  the 
coarser  material,  a  mass  will  be  produced  with  an  extremely  small 
percentage  of  voids.     This  is  roughly  the  course  pursued  in  the  man- 
ufacture of  concrete,  and  apparently  would  be  approximated   by 
nature  in  the  case  of  a  mountain  reservoir.     But  whatever  the  per- 
centage of  voids,  the  water  contained  therein  would  not  only  be  held 
strongly  by  the  forces  of  capillarj^  attraction  and  surface  tension,  but 
the  friction  in  the  containing  material  would  resist  its  escape  so  power- 
fully that  even  that  portion  which  could  be  drawn  off  would  escape 
with  extreme  slowness.     While  probably  such  a  reservoir  might  store 
and  yield  for  use  a  considerable  quantity  of  water,  it  is  clear  that  this 
quantity  could  not  aggregate  anything  like  30  per  cent  of  the  original 
capacity  of  the  reservoir. 

It  has  been  proposed  to  sluice  out  such  material  by  providing  large 
openings  from  the  reservoir  and  occasionally  allowing  a  large  volume 
of  water  to  rush  out  and  carry  the  collected  material  with  it.  This 
method  has  been  successfully  employed  in  diverting  dams  for  keeping 
open  the  approaches  to  the  head  gates  of  canals.  It  is  also  exten- 
sively employed  in  cleansing  reservoirs  in  Spain.  But  experience  has 
shown  that  only  a  comparatively  small  area  is  cleaned  by  this  method, 
feaching  on  a  steep  grade  for  a  moderate  distance  above  the  scouring 
sluices.  For  clearing  a  reservoir  several  miles  long  it  is  manifestly 
inadequate  and  must  be  supplemented  by  something  else. 

Another  method  of  counteracting  the  tendency  of  the  reservoir  to 
fill  is  by  enlarging  its  capacity.     This  method  is  not  always  possible. 
Where  possible  it  is  always  expensive,  and  so  far  from  being  a  solu- 
tion of  the  problem,  merely  postpones  the  date  when  some  means 
raB  2 6 
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must  be  adopted  of  clearing  out  the  impounded  silt.  It  may,  how- 
ever, in  some  cases  be  advisable,  where  the  expense  is  not  too  great, 
as  the  combined  effect  of  raising  the  dam  higher  and  of  its  filling  with 
silt  is  to  increase  the  altitude  of  the  surface  of  the  silt  above  the 
scouring  sluices,  and,  by  increasing  the  velocity  of  the  water  which  is 
used  in  sluicing  out  the  silt,  to  increase  the  efficiency  of  that  means 
of  cleansing  the  reservoir. 

The  removal  of  the  accumulated  debris  by  the  ordinary  methods  of 
excavation  is  clearly  out  of  the  question.  No  community  in  the  world 
can  afford  to  pay  for  an  acre-foot  of  storage  capacity  for  the  purposes 
of  irrigation  any  sum  approaching  the  cost  of  an  acre-foot  of  excava- 
tion by  the  ordinary  methods.  A  method  is  here  suggested,  however, 
which  it  is  believed  might  be  applied  in  many  cases,  and  when  prop- 
erly adapted  to  the  topography  and  hydi'ography  of  the  locality, 
would,  it  is  believed,  be  effective  in  some  cases  within  practicable 
limits  of  expense.     The  method  proposed  is  as  follows: 

A  small  water  supply  is  to  be  obtained  at  considerable  head  over 
the  reservoir  site,  either  by  diverting  the  stream  at  a  distance  above 
the  reservoir  or  by  storing  waters  in  a  small  reservoir  on  the  stream 
or  some  of  its  tributaries  and  carrying  them  in  pipes  or  flumes  above 
the  upper  edge  of  the  reservoir  to  the  vicinity  of  the  dam.  At  points 
along  the  side  of  the  reserv^oir  which  are  topographically  favorable, 
preferably  upon  ridges  jutting  out  into  the  lake,  hydraulic  giants  are 
to  be  provided,  to  act  under  the  head  of  water  furnished  by  the  pipe 
line.  Large  sluiceways  are  to  be  pro^^ded  near  the  dam,  and  at  such 
times  as  the  reservoir  happens  to  be  empty  these  sluiceways  are  to  be 
opened  to  their  full  capacity  and  the  deposited  material  hydraulicked 
out,  as  in  hydraulic  mining.  The  material,  being  mostly  fine  and 
freshly  deposited,  would  wash  easily  and  rapidly  and  be  carried  by 
the  stream  out  of  the  reservoir  through  the  sluice  gates.  This  water 
need  not  be  wasted,  but  could  be  diverted  below  for  purposes  of  irri- 
gation. It  is  not  denied  that  such  works  and  such  methods  would  be 
expensive,  but,  on  the  other  hand,  their  effectiveness  is  unquestion- 
able, and  it  is  believed  to  be  by  far  the  most  feasible  method  yet 
proposed  for  cleaning  out  a  large  reservoir.  The  tendency  of  an  eco- 
nomical use  of  this  method  would  be  to  keep  the  reservoir  open  in 
its  lower  part,  where  it  is  deepest,  and  allow  the  shallow  portions 
along  the  edges  and  at  the  ux^per  end  to  remain  filled.  This  would 
contract  the  relative  area  of  water  surface  and  diminish  evaporation, 
which  would  in  a  measure  comi^ensate  for  the  destruction  of  storage 
capacity. 

The  use  of  the  three  methods,  first,  the  employment  of  one  or  more 
large  scouring  sluices,  after  the  manner  of  the  old  Spanish  reservoirs; 
second,  the  enlargement  of  the  reservoir  to  the  practicable  limit;  and, 
third,  the  construction  of  works  and  the  adoption  of  operations  like 
those  above  described,  would  in  many  cases  insure  the  perpetuity  of 
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storage  reservoii^s  in  this  country  \vithin  practicable  limits  of  expense. 
Certain  it  is  that  some  efficient  method  or  methods  for  this  purpose 
must  be  employed  or  the  extension  of  inigation  in  any  great  degree 
in  southern  Arizona  by  means  of  storage  is  impossible. 

The  problem  just  discussed  suggests  the  advisability,  where  feasi- 
ble, of  constructing  storage  reservoirs  in  side  canyons  or  other  basins 
having  no  considerable  natural  drainage  tributary  to  them,  the  water 
being  carried  through  artificial  conduits  from  the  streams  whose 
waters  it  is  desired  to  store.  Where  this  can  be  done  the  danger  of 
filling  the  reservoir  with  silt  can  be  easily  averted.  Sand  boxes  can 
be  constructed  along  a  conduit  and  easily  operated  in  such  manner  as 
to  effectually  clear  the  waters  of  their  load  of  solid  matter. 

Aside  from  the  scarcity  of  natural  sites  of  this  character,  their  effi- 
ciency is  limited  by  a  fact  more  strongly  emphasized  in  this  than  in 
most  countries,  that  the  surplus  waters  are  discharged  in  sudden 
floods  of  enormous  volume,  and  in  order  to  impound  them  or  anj^  con- 
siderable percentage  of  them  by  this  method,  not  only  must  strong 
diversion  works  be  provided  for  diverting  them,  but  a  conduit  must 
be  constructed  of  enormous  capacity.  If  this  conduit  must  be  of  con- 
siderable length  or  in  very  rough  country — and  both  conditions  usually 
obtain — the  project  is  defeated  by  that  great  bugbear  of  irrigation 
possibilities  previously  referred  to — the  cost. 

In  respect  to  the  existence  of  good  natural  reservoir  sites  upon 
streams  carrying  the  bulk  of  its  surplus  waters,  southern  Arizona  is 
particularly  fortunate.  The  information  upon  this  point,  however, 
is  far  from  complete,  and  the  subject  deserves  careful  expert  investi- 
gation. 

EVAPORATION. 

As  previously  suggested,  one  of  the  most  serious  obstacles  to  the 
extension  of  irrigation  in  Arizona  by  means  of  storage  is  the  high  rate 
of  evaporation,  which  often  exceeds  100  inches  in  depth  in  a  single 
year. 

A  compilation  of  evaporation  results  acquired  by  the  Irrigation 
Survey  is  given  in  the  Eleventh  Annual  Report  of  the  Geological  Sur- 
vey, Part  II,  Irrigation,  page  34. 

It  has  been  proposed  to  lessen  evaporation  from  reservoirs  by  the 
cultivation  of  aquatic  plants,  whose  leav^es  are  intended  to  cover  the 
surface  and  partially  shade  the  water.  This  plan  was  suggested  by 
Captain  Glassford  in  Irrigation  and  Water  Storage  in  the  Arid 
Regions,  page  307.^  It  is  hardly  probable  that  this  method  can  be 
verj^  effective,  from  the  fact  that  such  part  of  the  leaves  as  are  above 
^ater  will  probably  transpire  more  or  less  moisture  themselves,  and 
sueh  parts  as  are  covered  with  a  film  of  water  of  course  can  not  check 

'F1fty-flr«t  Congress,  second  session,  Ex.  Doc.  No.  287,  Irrigation  and  Water  Storage  in  the 
■^d  Regions,  a  report  on  the  climatology  of  the  arid  regions  of  the  United  States  with  refer- 
ence to  irrigation.    By  Gen.  A.  W.  Greely . 
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evaporation  in  any  degree.  A  test  of  a  similar  method  of  checking 
evaporation  was  made  bj''  Prof.  Edward  M.  Boggs,  irrigation  engineer 
and  meteorologist  of  the  Arizona  Agricultural  Experiment  Station, 
the  result  of  which  is  given  by  him  in  Bulletin  No.  20,  on  Arizona 
Weather,  page  7: 

A  second  tank,  an  exact  dnplicate  of  the  first,  placed  by  its  side,  and  provided 
with  a  similar  gauge,  was  planted  with  water  lilies  of  the  genus  Nymphce,  Meas- 
urements were  commenced  in  this  tank  in  September,  1892,  when  the  leaves  well 
covered  the  surface  of  the  water.  They  were  continued  until  April,  1894,  when 
the  gauge  was  needed  for  another  use.  A  comparison  of  the  results  is  shown  by 
parallel  columns  in  Table  IV.  It  will  be  seen  that  the  monthly  totals  of  the  two 
tanks  are  in  substantial  agreement.  The  differences  are  usually  small.  The 
excess  changes  so  often  from  one  tank  to  the  other  as  to  lead  to  the  conclusion 
that  differences  are  due  to  accumulations  of  errors  incident  to  observation.  But 
it  is  not  easy  to  apply  this  explanation  to  the  difference  of  0.75  inch  in  favor  of  the 
lily  tank  occurring  in  June,  1893.  However,  the  idea  that  the  leaf  covering  has 
diminished  the  evaporation  to  any  considerable  extent  is  dispelled  by  the  fact  that 
for  the  eighteen  months  of  the  record  the  difference  amounts  to  1.52  inches  only, 
a  divergence  of  about  1  per  cent. 

Another  device  is  here  proposed  which  may  be  worthy  of  considera- 
tion, and  which  it  is  hoped  may  receive  tests  similar  to  those  con- 
ducted by  Professor  Boggs.  It  is  proposed  to  cover  the  surface  of  the 
reservoir  with  a  film  of  crude  petroleum,  which  will  form  a  more  or 
less  coherent  sheet  of  gum  upon  the  surface  and  prevent  the  contact 
of  air  with  the  water  as  long  as  the  surface  of  the  reservoir  is  still 
and  placid.  The  tendency  of  oil  to  diminish  motion  of  water  in 
waves  and  riffles  is  well  known,  and  this  project  might  prove  more  or 
less  effective  at  such  times  as  the  ^vinds  are  not  too  violent  or  con- 
stant. This  suggestion  is  made  for  what  it  is  worth,  in  the  hope  of 
inducing  experiments  to  test  its  value.  It  must  be  admitted,  how- 
ever, that  the  prospect  is  meager  for  materially  reducing  the  ravages 
of  evaporation  from  reservoirs  in  this  climate,  and  all  plans  and  esti- 
mates should  take  them  into  account  to  the  fullest  extent. 

MOUNTAIN   RESERVOIRS. 

It  is  eminently  advisable  in  such  a  climate  as  that  of  Arizona  to 
store  waters  for  irrigation  as  far  as  practicable  near  their  source,  in 
order  to  obviate  the  enormous  loss  through  evaporation  when  flowing 
for  long  distances  through  the  sandy  beds  of  streams. 

It  is  often  erroneously  assumed  that  the  run-off  of  a  district  is 
nearly  proportioned  to  its  area.  In  this  arid  region  the  mean  dis- 
charge of  the  large  streams  is,  owing  to  evaporation,  often  more  nearly 
in  inverse  proportion  to  their  catchment  areas.  Thus  the  Gila  River 
at  Yuma  has  a  smaller  discharge  than  at  the  mouth  of  Salt  River, 
where  its  catchment  area  is  far  less.  The  Santa  Cruz  River,  at  the 
point  where  it  leaves  the  mountains,  discharges  annually  large  quanti- 
ties of  water,  which  become  progressively  less,  until  well  out  into  the 
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desert  the  river  is  practically  lost,  and  its  discharge  is  zero.  The 
same  is  true  in  a  greater  or  less  degree  of  nearly  all  the  important 
drainage  lines  in  the  southern  part  of  the  entire  arid  region.  Added 
to  this  is  the  fact  that  in  the  low,  hot  deserts  the  evaporation  is  usually 
so  great  as  to  make  verj'^  serious  ravages  into  the  stored  volume  of 
water  after  the  rains  have  ceased,  thus  materially  reducing  the  sup- 
ply available  for  irrigation. 

The  waters  from  a  reservoir  situated  within  a  broad  valley  or  open 
country  must  usuallj^  be  conducted  in  broad  channels  constructed  on 
light  grades  through  sand  or  loam  where  the  loss  from  seepage  and 
evaporation  will  approximate  a  maximum;  while  from  a  mountain 
reservoir  it  is  usually  possible  to  give  delivery  canals  heavy  grades 
and  high  velocities,  reducing  seepage  and  evaporation  to  a  minimum; 
and,  with  plenty  of  grade  to  spare,  natural  drainage  lines  may  be 
utilized  to  a  great  extent.  The  seepage  from  high-level  canals 
often  reappears  at  lower  levels  and  is  not  entirely  lost.  Further- 
more, water  stored  in  the  mountains  may  usually  be  made  to  furnish 
a  large  amount  of  power  that  will  in  the  future  be  very  valuable, 
without  in  the  least  affecting  its  availability  for  irrigation.  It  may 
be  laid  down  as  an  almost  general  rule  that  where  there  is  a  choice 
it  is  far  better  for  the  f utui'e  of  the  arid  region  that  water  be  stored 
in  or  near  the  mountains  than  on  desert  plains,  even  when  the  cost 
of  such  mountain  storage  is  much  greater  than  the  same  capacity  at 
lower  levels. 

The  reservoir  sites  already  described  on  New  River,  Rio  Verde, 
Gila  and  Salt  rivers,  Hassayampa,  Queen,  and  Cave  creeks,  which 
are  contemplated  in  the  plans  of  existing  companies,  are  doubtless 
the  best  that  can  be  utilized  on  those  streams,  and  are  usually 
as  great  and  in  some  cases  greater  in  capacity  than  required  for  the 
economical  conservation  of  the  waters  yielded  by  the  drainage  area 
tributary  to  them,  exclusive  of  the  great  unusual  floods  which,  as 
previously  pointed  out,  it  is  neither  practicable  nor  desirable  to 
impound.  On  the  drainage  of  the  Gila  proper,  however,  it  is  not 
improbable  that  undiscovered  reservoirs  exist  in  the  mountains  near 
the  head  waters  of  the  Santa  Cruz,  San  Pedro,  San  Francisco,  and  Gila 
rivers;  Eagle,  San  Carlos,  and  Blue  creeks,  and  other  tributaries  in 
the  mountainous  regions,  where  waters  can  be  more  economically 
stored  than  at  The  Buttes.  When  all  such  reservoirs  are  constructed 
and  fully  utilized,  and  the  ordinary  spring  and  summer  flow  of  the 
river  entirely  diverted  for  irrigation  in  the  neighborhood  of  Solomon- 
nlle  and  Fort  Thomas,  the  reservoir  at  The  Buttes  may  be  relied 
^pon  to  impound  the  balance  of  the  run-off  tributary  to  its  drainage, 
^ththe  exception  of  the  unusual  floods  referred  to.  This  reservoir 
is  admirably  located  for  the  purposes  above  outlined,  being  of  large 
capacity  and,  situated  at  the  point  where  the  river  finally  leaves  the 
mountainous  region,  intercepting  nearly  all  the  mountain  drainage 
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yielding  the  largest  percentage  of  run-off,  and  yet  of  8ufl&cie^=^t. 
elevation  to  command  all  the  irrigable  land  adjacent  to  the  mid^^l© 
and  lower  portions  of  the  river. 

When  all  such  sites  are  utilized  there  will  still  be  a  large  area 
excellent  unwatered  lands  in  the  valleys  of  Arizona  and  a  lar 
amount  of  surplus  flood  waters,  which,  for  reasons  outlined  on  pa; 
79,  it  is  not  practicable  to  store  in  the  reservoirs  in  the  mountai 
Though  these  reservoirs  include  in  their  catchment  the  greater  p 
tion  of  the  best  drainage  area  of  this  basin,  large  areas  of  foothil 
plains,  and  rocky  ridges  will  still  remain  which  are  subject  to  oce=^^- 
sional  cloudbursts  and  yield  in  the  aggregate  a  large  run-off.     A  p» — ^rt 
of  such  waters,  as  well  as  such  part  of  the  seepage  from  canals  a^^d 
irrigated  fields  as  finds  its  way  back  into  the  stream,  can  be  impound^ed 
by  the  construction  of  a  large  reservoir  on  the  lower  Gila,  as  describ-^9d 
on  page  76.     Whether  it  would  be  sufficient  to  utilize  the  water  ava*l]- 
able  for  storage  after  the  upper  sites  in  this  basin  have  been  broug-Iit 
into  use  can  not,  of  course,  be  known  at  present.     Certain  it  is  tlxst 
no  rights  to  flood  waters  should  be  acquired  by  such  a  reservoir  to 
the  prejudice  of  those  in  the  mountain  regions,  where  the  water  can 
be  so  much  more  economically  impounded  and  applied,  and  in  the 
absence  of  laws  controlling  this  matter  it  is  not  to  be  regretted,  but      f  il 
is  rather  a  subject  for  congratulation,  that  this  project  has  not  been 
carried  to  completion;  and  it  is  to  be  hoped,  for  the  sake  of  the  future     f^ 
of  irrigation  in  Arizona,  that  it  will  not  again  be  revived  imtil  at 
least  the  best  of  the  reservoir  sites  hereinbefore  described  have  been      f  *  ^ 
constructed  or  some  legal  provision  has  been  made  to  secure  their  full 
utilization. 


UNDERGROUND  W^ATERS. 


The  possibilities  of  irrigation  by  the  development  of  percolating 
waters  deserves  mention.     There  is  in  Salt  River  Valley  at  present  a 
large  quantity  of  water  in  the  gravels  underlying  the  valley.    The     t  ^'^^ 
well  employed  to  furnish  the  greater  part  of  the  domestic  supply  of     L^ 
water  for  the  city  of  Phcenix  is  35  feet  in  depth  and  8  feet  in  diameter. 
It  normally  contains  a  depth  of  18  feet  of  water.     The  walls  are  of 
cement,  so  that  water  can  enter  only  at  the  bottom.     Two  Deai^ 
pumps,  each  of  840  gallons  per  minute  capacity,  are  used  to  raise  tb^ 
water  into  the  stand  pipe.     Both  pumps  usually  run  at  nearly  ful* 
capacity  in  July  and  August,  and  have  raised  33,000,000  gallons  p^*" 
month.     The  discharge  has  sometimes  exceeded  1,400  gallons  per  mit^' 
ute,  which  would  lower  the  water  in  the  well  about  6  feet,  but  whe^ 
the  pumps  are  stopped  the ^ater  recovers  its  level  in  a  few  minute^- 
A  well  was  dug  into  the  gravel  in  the  vicinity  of  Mesa,  and  a  ceP^' 
trifugal  pump  of  about  1,200  gallons  per  minute  capacity  was  use^ 
to  keep  the  water  down  and  permit  the  progress  of  the  work.    Tt^^ 
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fss  of  water  became  so  great  as  to  be  beyond  the  capacity  of  the 
3,  and  work  was  stopped  for  that  reason. 

is  large  quantity  of  underground  water  is  doubtless  due  to  the 
isive  application  of  water,  as  previously  described  in  this  report, 
igh  the  months  of  April  and  May,  while  the  water  in  Salt  River 
iindant,  and  irrigators  are  attempting  to  "soak  up"  the  land 
iratory  to  the  low-water  season,  when  the  competition  for  water 
s  becomes  severe.  If  in  future  this  excessive  supply  during  the 
g  months  is  stored  in  great  reservoirs,  as  is  proposed  by  the 
cts  now  contemplated,  the  '* underflow"  will  be  greatly  reduced, 
ise  so  great  an  excess  of  water  will  no  longer  be  applied  to  the 
;.  Some  water  will  always  escape  from  the  fields  into  the  subsoil, 
canals  and  ditches  will  also  lose  a  portion  of  their  supply  by 
ige,  which  will  be  caught  by  the  underflow.  This  source  of  sup- 
nrhile  for  these  reasons  somewhat  uncertain  at  present,  is  impor- 
in  the  future  development  of  the  valley. 

sasurementa  were  made  in  the  month  of  June,  1896,  by  Mr.  Cyrus 
abb,  of  Salt  River  above  the  head  of  the  Arizona  Canal,  of  the 
mt  of  water  taken  out  by  each  canal,  and  the  amount  remaining 
e  river  below  its  head.  These  measurements  proved  that  a  con- 
able  quantity  of  water  is  returned  by  seepage  to  the  river  bed, 
h  was  taken  out  for  irrigation  lower  down.  In  one  case  the 
jase  was  80  second-feet  in  7  miles,  as  previously  stated.  Undoubt- 
the  amount  lost  by  evaporation  of  these  return  waters  from  the 
'  bed  and  the  adjacent  soils  was  much  greater.  While  it  is  a 
fication  to  know  that  some  part  of  the  surplus  waters  applied  to 
and  returns  to  the  river  and  can  be  used  again,  still  this  fact 
ds  no  excuse  for  such  use,  and  should  not  be  allowed  to  weigh  in 
r  of  its  continuance. 

some  other  parts  of  the  Territory  are  found  underground  waters 
eater  or  less  abundance,  which  may  in  some  cases  be  profitably 
loped  by  pumping  or  otherwise  for  irrigation  purposes.  This  is 
at  least  in  the  country  which  receives  the  lost  waters  of  the  Santa 
and  some  other  streams  which  have  ordinarily  little  or  no  surface 
iations,  but  still  discharge  more  or  less  water  through  a  pervious 
oil.  Water  may  be  obtained  in  abundance  a  short  distance 
ath  the  surface  along  the  valley  of  the  Gila  River,  in  the  Pima 
trvation.^  Mr.  Albert  F.  Colton  has  collected  a  quantity  of  data 
ing  to  wells  in  the  Casa  Grande  Valley,  some  of  which  have  quite 
isiderable  flow  and  vary  in  depth  from  20  to  100  feet.  In  other 
3  of  the  Territory  wells  have  been  sunk  to  depths  greatly  exceed- 
100  feet  without  striking  water.  The  information  collected  by 
jreological  Survey,  together  with  that  gathered  by  Mr.  Colton,  so 

igation  Investigation  for  Pima  Reservation.  Senate  Doc.  No.  27,  Fifty-fourth  Congrress, 
Iseaeion. 
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far  as  relates  to  Maricopa  and  Pinal  counties,  is  shown  in  the  follow- 
ing tables : 

Wells  of  Pinal  County. 


No 


1 

o 

M 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 
33 
33 
34 
35 
36 
87 
38 
39 
40 
41 


Post-office. 


Arizola 

do 

do 

do 

do 

do 

do 

Casa  Grande 
do 

do 

do 

do 

Dudleyirille. 
do 

Florence 

do 

do 

.  ...do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Kenilworth.. 

Maricopa 

Sacaton 

do 

do 


Owner  of  well. 


Geo.  W.  Sanders. . 

Peter  H.  Loss 

H.  J. Cleveland ... 

Fred  Weaver 

Cooley 

M.  R.  Mann 

E.  Hadley 

R.  B.  Dennis 

Andrew  Sound- 

burg. 
L.  S.English 

F.  G.  Logan 

S.  P.  R.  R 

George  Scott 

O.H.  Swingle 

A.  T.  Colton 

WWtney 

Christopher  Sal- 
mon. 

T.  F.  Marquand . . . 

L.  E.  Graham 

J.  M.  Hurley 

James  F.  Pry 

Wm.  H.  Graham . 
F.E.  Carpenter... 

Morrell 

Daniel  Bingham. . 
Shields*  Price... 
Pet«r  B.  Brady... 

Abandoned 

Thos.  Buchanan . . 
Whitlow  Bros.... 

R.H.Martin 

Harrington 

LewBaley 

Mexican 

Barmodath 

Bark  &  Creswol . . 
W.  J.  L.  Baron  ... 

S.  P.  R.  R 

Wilson 

W.  J.  Stulz 

U.  8.  Indian  agent 


Location. 


6 
6 
6 

6 

^ 
t 

7 

6 

6 

6 

6 
6 
6 
4 
6 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
3 
1 
2 
3 
2 
2 
1 
1 
1 
5 
4 
6 
6 
4 


R. 


6 

i 

m 
I 

6 
6 
6 
7 

5 
6 
6 

16 
9 
9 

7 

7 

8 
9 

8 
8 
8 
8 
8 
8 

10 

8 

10 

10 

7 

10 

10 

10 

10 

8 

3 

5 

6 


04 

19 
19 
82 
5 
1 
34 
20 
36 

23 
32 
29 
25 
20 

a5 

10 
25 

13 
24 
32 

27 

28 

a5 

26 
26 
24 
34 
35 

1 
5 

14 
34 


25 

17 
24 
27 


c, 


1892 
1893 


1896 
1895 
1894 
1892 
1896 


1892 


1885 
1878 
1888 
1891 
1880 

1895 
1891 
1891 
1896 
1893 


1884 


1886 
1883 
1883 
1892 
1888 
1882 
1883 
1879 
1892 
1885 


1895 


Ft.  in. 

4  0 

4  0 

0  6 

4  0 

4  0 
Sk  0 

4  0 

5  0 
4  0 

4  0 

0  6 

8  0 
H  0 

4  0 

4  0 

4  0 

3  0 

12  0 

6  0 

4  0 

3  8 

4  0 
4  0 
3^  0 
4  0 

3  0 

4  0 

10  0 
0  5 
0  6 
0  6 
0  4 
0  6 
0  4 
0  4 
0  6 
4  0 

16  0 

4  0 

3  0 

11  0 


h 

c 

1 

Cost  of— 

5 

^4 

0 

^U 

A 

55 

p. 

Ma- 

Well. 

chin- 

•f4 

a 

£ 

ery. 

Feet. 
40 
44 


52 
53 
54 
50 
45 
49 

56 
75 
56 
14 
21 
43 
70 
30 

23 
56 
102 
39.3 
32 


FeH 
3 
6 


2 
3 
2 
5 
2 
3 

5 

30 
8 
2 
6 
1 

9 

M 

2 

7i 
6 
31 
L" 


$100 
35 


54 


5 
25 
50 


40 


44 

51 

66 

27 

100 

232 

126 

413 

160 

180 

58 

15S 

18 

&5 

34 

42 

52 

26i 


4 
»> 

5 

0 
24 

106 
0 
5 
0 
0 
0 
9 
5* 
5 
21 
3 
8i 


10 


06 
90 


500 
l.OCO 


65 


50 


$13 


15 
40 


100 


150 


300 


0 


100 
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Wells  of  Maricopa  County, 


Na 

Post-office. 

Owner  of  well. 

Location. 

Year   com- 
pleted. 

• 

1 

Q 
Ft.  in. 

0 

t 

Depth  of  wa- 
ter. 

Cost  of— 

T. 

R. 

S. 

Well. 

Ma- 
chin- 
ery. 

Feet. 

Feet. 

42    Phoenix 

E.  F.  Kellun 

1 

1 

6 

0    7 

554 

S5,000 

«  do 

Frank  A.  Phillip.. 

1 

27 

1893 

14    0 

2tt 

U 

300 

12,700 

44  do 

Phoenix      Water- 
works. 

1 

3 

5 

1889 

8    0 

35 

17 

5,000 

10,000 

45    Temne 

C.  G.  Jones 

Wm.  Standage 

1 
1 

4 
5 

13 
20 

1889 
1895 

4i0 
5    0 

30 
43 

12 
4 

46 

Mesa 

80 

No.  1.— Dagr  well;  depth  of  water  does  not  vary;  it  can  not  be  easily  lowered;  flow  has  not 
diminished;  water,  soft;  raised  by  bucket  and  used  for  domestic  puriKwes;  elevation  of  surface, 
1412.  Strata  passed  through:  Sandy  soil,  11.5  feet;  volcanic  ash,  3  feet;  hard  whitish  rock,  2 
fe«t;  sand  and  small  gravel,  8.5  feet;  wash  gravel,  3  feet;  hard  whitish  rock,  1  foot;  gravel,  2 
feet;  hard  rock  of  a  water-line  formation,  9.5  feet. 

No.  2.— Dug  well;  depth  of  water  does  not  vary,  nor  is  it  easily  lowered;  flow  remained  sta- 
tionary; water  rose  4  feet  when  struck;  water,  soft;  raised  by  pump  and  used  for  domestic  pur- 
poses; elevation  of  surface,  1,448  feet.  Strata  passed  through:  Clay  soil,  6  feet;  gravel,  8  feet; 
sand,  2Bfeet;  rock  of  a  water  formation,  2  feet. 

Na  3.— Bored  well;  elevation  of  surface,  1,452  feet. 

No.  4.— Dug  well;  depth  does  not  vary;  is  not  easily  lowered;  quality  of  water,  soft;  raised  by 
bucket  and  used  for  domestic  purposes;  elevation  of  surface,  1,458  feet.  Strata  passed  through 
Clayiahsoi];  last  foot  lime  as  water  formation. 

No.  5.— Dug  weU;  depth  does  not  vary  during  year;  quality  of  water,  soft;  water  raised  by 
buckets  and  used  for  domestic  purposes;  elevation  of  surface,  1,400  feet.  Strata  i>aMed 
throngh:  Same  as  No.  4. 

No. «.— Dug  well;  depth  does  not  vary  during  year;  is  not  easily  lowered;  quality  of  water, 
soft;  raised  by  bucket  and  used  for  domestic  purposes;  elevation  of  surface,  1,460  feet.  Strata 
passed  through:  Clay,  with  streaks  of  gravel;  bottom  in  sand. 

No.  7.— Dug  well;  depth  does  not  vary  during  year;  is  not  easily  lowered;  quality  of  water, 
bard;  water  raised  by  buckets  and  used  for  domestic  purposes;  elevation  of  surface,  1,433  feet. 

Na8.— Dug  well;  water  easily  lowered;  quality  of  water,  soft;  raised  by  buckets  and  used 
for  domestic  purposes;  elevation  of  surface,  1,393  feet.  Strata  passed  through:  Clay  soil,  12  feet; 
cement,  14  feet;  sand,  12  feet;  then  clay  to  water. 

No.  9.— Dug  well;  quality,  soft;  raiscKl  by  bucket;  used  for  house  and  stock;  elevation  of  sur- 
face, 1,454  feet.    Strata  passed  through:  Sandy  soil;  bottom  in  sound  rock. 

No.  10.— Dug  well;  depth  of  water  does  not  vary  during  year;  is  not  easily  lowered;  flow  has 
increased;  quality  of  water,  salt  at  first,  hard  now;  ral<9ed  by  buckets  and  used  for  domestic 
Purposes ;  elevation  of  surface,  1 ,375  feet.    Strata  passed  through :  Gravelly  soil ;  water  in  gravel. 

Na  11.— Bored  well;  depth  of  water  does  not  vary  during  year;  is  not  easily  lowered;  water, 
i^Ikaline;  raised  by  windmill;  elevation  of  surface,  1,405  feet. 

No,  12.— Water  not  easily  lowered;  it  rose  when  struck;  flow  increased;  water,  hard;  raised  by 
pomp;  flow,  10,000  gallons  per  hour;  elevation  of  surface,  1,395  feet.  Strata  at  bottom:  White 
sand. 

No.  13.— Dug  well;  depth  varies  with  height  of  river;  can  not  be  easily  lowered;  quality,  a  little 
t^UcaUne;  raised  by  pump;  used  for  domestic  purposes.  Strata  i>assed  through :  Alluvial  soil,  with 
**nd  at  water  level. 

No.  14.— Dug  well;  depth  does  not  vary  during  year;  can  not  be  easily  lowered;  wat«r,  hard; 
pumped  and  used  for  domestic  purposes.     Clay  strata  passed  through. 

No.  15.— Dug  well;  depth  at  first,  83  feet;  water  at  81  feet;  sunk  1.5  feet  each  year;  present 
depth,  45  feet,  and  1  foot  water;  is  easily  lowered;  flow  diminished;  elevation  of  surface,  1,488 
'««t.  Sandy  clay  soil. 

No:  16.— Dug  well;  depth  varies  during  year;  water,  hard. 

No.  17.— Dug  well;  depth  does  not  vary;  is  not  easily  lowered;  rose  one-half  foot  when  struck; 
QOAlity,  soft;  used  for  house  and  stock;  elevation  of  surface,  1,398  feet.  Sandy  soil;  bottom  in 
ttnd. 

No.  18.— Dug  well;  depth  does  not  vary  during  year;  lowers  about  3  feet  and  no  more;  raised 
^Sang  pump  and  horsepower;  flow,  6,000  gallons  per  hour;  used  for  irrigation;  elevation  of 
^^fbici6^  1,880  feet.    Sandy  soil  for  13  foet;  2.5  feet  clay;  then  water  in  sand. 
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No.  19.— Dug  well;  commences  to  lower  in  November  and  rise  in  April;  variation  about  I 
foot;  not  easily  lowered;  quality,  soft;  raised  by  horsepower;  waters  120  head  of  stock;  elevation 
of  surface,  1,455  feet;  gravelly  soil;  bottom  in  water  formation. 

No.  20.— Dug  well;  depth  does  not  vary;  is  not  easily  lowered;  quality,  medium;  raised  by 
pump;  used  for  domestic  puriwses;  elevation  of  surface,  1,305  feet;  usual  water  formation  of 
rock  at  bottom. 

No.  21. — Dug  well;  quality,  soft;  raised  by  bucket;  used  for  domestic  purposes;  elevation  of 
surface,  1,440  feet;  sandy  soil  on  top  water  rock. 

Na  22.— Dug  well:  water  rises  last  of  June,  falls  in  December;  not  easily  lowered;  quality,  soft, 
but  getting  hard;  raised  by  pump;  waters  20  head  of  hogs,  70  head  of  stock,  120  trees;  elevation 
of  surface,  1,416  feet;  soil,  sand  and  clay,  with  strata  of  hardpan  at  bottom,  blue  clay;  main 
stream  comes  in  from  southeast. 

No.  23L— Quality,  soft;  elevation  of  surface,  1,441  feet;  same  rock  bottom. 

No.  24.— Dug  well;  quality,  salt;  elevation  of  surface,  1,439  feet;  sandy  soil;  bottom  below 
water  lime. 

No.  25.— Dug  well;  quality,  soft;  elevation  of  surface,  1,450  feet;  sand  strata. 

No.  26.— Dug  well;  depth  varies  during  year;  not  easily  lowered;  quality,  hard;  raised  by 
steam  pump;  elevation  of  surface,  1,467  feet;  at  3  feet  struck  coarse  gravel,  lasting  20  feet;  bot- 
tom in  water  lime. 

No.  27.— Dug  well;  cased  with  redwood;  lowers  in  summer;  easily  lowered;  quality, soft  and 
pure;  soil,  11  feet  alluvium,  balance  quicksand. 

No.  29.— Dug  well;  size,  4  feet  at  top,  6  feet  at  bottom;  level  lowers  some  in  summer;  quality, 
soft;  raised  by  steam  pump,  1.000  gallons  in  twenty-four  hours;  used  for  stock,  garden,  and 
traveling  public;  strata,  clay,  sand,  and  small  gravel,  bottom  in  coarse  gravel. 

No.  30.— Drilled  well;  depth  does  not  vary;  can  not  be  lowered  with  horsepower  pump;  used 
for  stock;  strata,  limestone. 

No.  32.— Dug  well;  depth  lowers  in  summer;  raised  by  horsepower  and  barrel;  can  be  pumped 
dry  in  five  hours;  used  for  stock  and  by  the  public. 

No.  33.— Drilled  well;  dry;  3  miles  southwest  of  Whitlow's  ranch;  between  this  well  and 
Florence  are  three  other  dry  wells,  with  depths  of  150  feet  each. 

No.  3i.— Well  sunk  in  Queen  Creek  wash,  2i  miles  below  Whitlow's  ranch;  no  water  found. 

No.  36.— Well  at  Goldfleld;  more  water  in  well  in  winter;  can  be  easily  lowered;  raised  by 
hand  pump;  used  for  stock. 

No.  37.— Dug  well;  level  rises  in  April,  falls  last  of  July;  is  easily  lowered;  flow  has  increased; 
quality,  soft  at  first,  now  medium;  raised  by  buckets,  and  waters  100  head  of  stock  and  30  trees; 
elevation  of  surface,  1,466  feet;  gravelly  soil  with  streaks  of  limestone.  ' 

No.  36.— Dug  well;  not  easily  lowered;  water  soft;  raised  by  steam  pump;  discharge,  10,000  gal- 
lons per  hour;  elevation  of  surface,  1,170  feet;  gravelly  soil. 

No.  30.— Dug  well;  elevation  of  surface,  1,360  feet;  bottom  in  gravel. 

No.  40.— Dug  well;  depth  does  not  vary  during  year;  can  be  lowered  by  two  buckets;  water 
soft,  raised  by  buckets,  and  used  for  domestic  purposes;  elevation  of  surface,  1,450  feet;  sandy 
soil;  water  in  a  soft  sandstone. 

Na  41.— Dug  well;  capacity  tested  by  6-inch  centrifugal  pump  giving  one- tenth  of  a  cubic  foot 
per  second,  or  8,640  cubic  feet  per  day;  percolating  area,  242  square  feet,  indicating  a  yield  of  33 
cubic  feet  per  day  for  each  square  foot  of  surface.  This  surface  is  in  a  very  hard  clay,  which 
has  stood  eight  years  without  walling  and  still  shows  nuurks  of  the  pick  used  in  digging;  water 
used  for  mill  and  domestic  purposes;  raised  by  steam  pump. 

No.  42.— Bored  and  drilled  well;  18  feet  to  surface  water;  slight  flow  at  382  feet;  not  easily 
lowered;  used  for  irrigation;  alluvial  soil  15  feet,  hardiMtn  10  feet,  alternate  gravel  beds  150  feet, 
sand,  cement,  etc. 

No.  43.— Dug  well;  depth  fluctuates  about  30  inches  during  year;  can  not  be  easily  lowered; 
quality,  soft;  raised  by  steam  pump;  discharge,  2  second-feet,  and  irrigates  320  acres. 

No.  44.— Dug  well;  level  not  easily  lowered;  quality,  hard;  water  raised  by  pumping;  discharge, 
2,500,000  gallons  per  day;  supplies  water  to  city  of  Phoenix;  level  steadily  risen  during  past  ten 
years;  flrst  16  feet  alluvial  soil,  balance  bowlders  and  coarse  gravel. 

No.  45.— Dug  well;  cased  for  6  feet;  level  varies  4  feet  during  year;  can  be  easily  lowered; 
quality,  soft;  raised  with  bucket,  and  used  for  domestic  purposes;  strata,  soil  for  about  14 
feet,  hardiwn  of  cement  and  rocks,  gravel. 

No.  46.— Dug  well;  walled  with  brick;  depth  varies  during  year;  not  easily  lowered;  quality, 
soft. 

A  scientific  investigation  of  further  possibilities  is  very  important, 
both  to  develop  resources  along  this  line  and  to  obviate  further 
loss  from  unsuccessful  attempts  of  this  character.  The  irrigation 
X)OSsibilities  from  underground  development  are  undoubtedly  impor- 
tant, but  it  is  not  intended  here  to  emphasize  this  fact,  for  the  popu- 
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lar  luiud  is  already  filled  with  very  exaggerated  ideas  of  such  possi- 
bilities. Extravagant  estimates  of  the  quantity  of  "underflow"  are 
rife  on  all  hands,  and  it  is  recognized  as  an  important  though  thank- 
less duty  to  disabuse  the  public  mind  of  such  erroneous  ideas  so  far 
as  possible.  One  phase  of  this  general  impression  is  the  opinion  that 
the  dry  streams  which  abound  in  the  valleys  of  Arizona  must  have  a 
large  underflow  because  the  same  streams  carry  considerable  water 
farther  up  in  the  mountains.  It  seems  to  be  forgotten  that  the  poten- 
tial evaporation  in  the  valleys  of  Arizona  ranges,  according  to  locality 
ftnd  season,  from  5  to  10  feet  in  depth  on  the  entire  area  exposed  to 
such  evaporation. 

It  is  the  common  assumption  that  evaporation  is  much  higher  from 

*  ^ater  surface  than  from  a  saturated  soil.     The  actual  data  on  this 

point  are  very  meager,  but  so  far  as  observations  have  been  taken 

^h^y  seem  to  indicate  that  evaporation  is  greater  from  saturated  sands 

^han  from  the  surface  of  a  deep  body  of  water,  even  though  such 

^nds  may  appear  dry  on  the  surface.     The  reason  for  this  may  be 

'^Und  in  the  fact  that  the  temperature  of  such  sands  rises  much 

^%her  under  the  action  of  the  sun  than  that  of  a  large  body  of  water; 

^Ifio,  that  for  a  considerable  distance  below  the  surface  the  particles 

^^  Band  or  of  soil  are  kept  moist  by  the  action  of  surface  tension  and 

'^pillarity  for  a  considerable  distance  above  the  point  where  all  the 

"oids  in  the  sand  are  filled  with  water.     By  this  means  a  far  greater 

I'^a  of  moist  surface  is  exposed  to  the  action  of  the  dry  air  than  is 

he  case  with  a  smooth  sheet  of  water. 

But  whatever  the  reason,  and  whatever  the  exact  ratio  the  evapo- 
Htion  from  a  sand  bed  bears  to  that  of  a  body  of  water,  we  do  know 
hat  it  is  very  great,  and  that  if  the  precipitation  of  the  entire  Terri- 
ory  of  Arizona  were  so  distributed  as  to  give  the  potential  evapora- 
ion  of  the  climate  full  play,  the  evaporation  would,  even  in  the  very 
Wettest  years,  absorb  the  entire  rainfall,  and  the  run-oflf  would  at  all 
^ines  be  absolutely  zero.  That  the  streams  do  yield  a  considerable 
quantity  of  run-off  in  the  aggregate  is  due  to  the  fact  that  precipita- 
tion is  largely  in  excess  of  evaporation  at  certain  times  and  in  certain 
places,  while  at  other  times  and  in  other  places  no  moisture  at  all  is 
exposed  to  the  evaporating  influence. 

The  above-recited  facts  are  abundantly  suflBcient  to  account  for  the 
phenomena  of  many  streams  having  a  considerable  discharge  near 
their  source  in  mountain  regions  and  being  ordinarily  dry  in  valley 
'^ons,  by  the  evaporation  of  the  water  from  their  sandy  beds,  with- 
^^t  introducing  the  hypothesis  of  a  large  underflow.  The  Agua  Fria 
is  a  typical  stream  in  point.  There  are  parts  of  it«  upper  course  in 
^hich  it  is  ordinarily  a  very  considerable  stream  and  is  never  dry; 
^®ar  its  mouth  it  is  ordinarily  entirely  dry  and  carries  water  only 
^^  seasons  of  excessive  rainfall.  The  idea  seems  to  have  been  at 
^^e  time  prevalent  that  this  stream  carried  a  large  amount  of  the 
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so-called  **  underflow,"  but  the  construction  of  the  dam  of  the  Agua 
Fria  Water  and  Land  Company,  a  short  distance  below  Frog  Tanks, 
which  was  carried  down  40  feet  through  the  sands  to  bed  rock,  made 
little  or  no  perceptible  increase  in  the  permanent  volume  of  water 
flowing  at  that  point.  A  measurement  was  made  of  the  water  flow- 
ing through  the  sluiceway  of  the  dam  in  April,  189G,  and  this  showed 
a  discharge  of  only  3.75  cubic  feet  per  second,  which  is  said  to  have 
been  about  the  ordinary  flow  previous  to  the  construction  of  the  dam. 
Another  measurement  made  the  same  daj^  about  a  mile  above  this 
point  showed  a  discharge  of  about  3  cubic  feet  per  second.  The 
difference  between  these  measurements  may  perhaps  indicate  the 
increase  in  the  stream  due  to  the  development  of  the  underflow,  though 
even  this  is  by  no  means  certain.  Even  if  the  entire  discharge  of  the 
stream  were  considered  as  developed  from  the  underflow,  its  volume  is 
nowhere  near  commensurate  with  the  cost  of  development.  While 
the  experience  in  this  case  is  of  course  not  conclusive  with  respect  to 
all  other  streams,  it  is  an  emphatic  refutation  of  the  popular  theory 
that  such  water  as  falls  in  rain  must  be  found  either  flowing  in  the 
surface  streams  or  under  ground.  Attempts  at  extensive  underground 
development  should  in  all  cases  be  preceded  either  by  careful  and 
judicious  experiments  or  thorough  scientific  investigation. 

The  development  of  underground  waters  by  means  of  pumps  is 
greatly  hampered  by  the  scarcity  and  cost  of  suitable  power.  In 
some  parts  of  the  Territory  firewood  is  at  present  abundant  and 
cheap,  but  it  is  of  slow  growth,  and  if  extensively  employed  in  irriga- 
tion would  in  time  become  exhausted.  The  price  of  coal  is  prohib- 
itory for  any  such  purpose  on  a  large  scale  in  any  part  of  the 
Territory,  as  is  also  that  of  petroleum,  gasoline,  or  any  other  import- 
able fuel.  The  time  may  come  when  some  of  the  many  available 
water  powers  in  the  foothills  will  be  harnessed  for  the  generation  of 
electricity,  to  be  transmitted  to  proper  points  and  used  for  pumping 
water  for  irrigation,  but  these  schemes  can  hardly  be  considered  at 
present  within  the  realm  of  practical  consideration.  A  few  attempts 
have  been  made  to  harness  the  winds  to  this  work,  but  this  motive 
power,  always  fickle  and  unreliable,  seems  to  be  especially  so  in  these 
valleys;  long  periods  of  calm  are  said  to  occur  during  the  months 
when  water  is  most  needed,  and  it  is  usually  considered  necessary  to 
reenforce  such  plants  with  steam  or  other  motive  power.  Some 
development,  however,  may  be  expected  from  nearly  all  the  methods 
above  mentioned,  but  for  a  long  time  to  come  they  must  necessarily 
be  on  a  small  scale  and  usually  for  individual  purposes. 

SUMMARY. 

It  may  be  in  order  here  to  point  out  some  of  the  difficulties  under 
which  irrigation  has  heretofore  labored,  and  to  suggest  means  for 
obviating  them  in  future.     A  glance  at  the  map  of  Salt  River  Valley 
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(PI.  XXX)  will  show  at  once  that  there  has  been  an  enormous  waste 
of  energy  in  the  construction  of  numerous  and  parallel  canals  with 
conflicting  claims  and  interests.  On  the  north  side  of  the  river  are 
the  Farmers',  Salt  River,  Maricopa,  Grand,  and  Ai'izona  canals,  to  be 
paralleled  by  the  partly  constructed  Rio  Verde  Canal.  All  of  the  land 
under  the  Arizona  Canal  could  be  watered  much  more  cheaply  and 
with  far  greater  economy  of  water  from  the  Arizona  Canal  and  its  lat- 
erals. Most  of  the  labor  and  capital  expended  in  the  construction  of 
the  others  has  been  worse  than  wasted.  So  long  as  they  are  used  in 
competition  with  a  larger  canal,  acrimonious  contests  over  water  rights 
are  the  inevitable  result,  and  when  all  concentrate  under  one  manage- 
ment the  competition  for  water  rights  is  transferred  from  companies 
to  individuals,  and  as  long  as  the  smaller  canals  remain  in  use  they 
are  a  fruitful  source  of  waste  of  valuable  water.  On  the  south  side 
of  the  river  the  condition  is,  if  possible,  still  worse.  The  Broadway 
and  San  Francisco  ditches,  and  Tempe,  Utah,  Mesa,  and  Highland 
canals  will  be  paralleled  by  a  higher  canal  proposed  by  the  Hudson 
Reservoir  and  Canal  Company.  They  might  be  advantageously  super- 
seded by  a  single  large,  high-line  canal,  which  would  be  far  more 
economical  of  water,  and  all  the  labor  and  expense  of  the  smaller 
canals  would  thereby  be  obviated.  The  greatest  evil  of  the  system, 
or  rather  lack  of  system,  heretofore  followed  in  the  development  of 
irrigation  along  Salt  River,  however,  is  the  growth  of  conflicting  claims 
to  water.  This  has  always  been  productive  of  vindictive  and  expen- 
sive litigation.  Large  areas  of  land  have  been  brought  under  cultiva- 
tion having  no  adequate  water  right,  and  crops  have  been  dried  up 
and  labor  wasted,  and  some  areas  abandoned,  for  lack  of  water  for 
irrigation.  This  evil  in  this  particular  valley,  so  far  as  present  condi- 
tions are  concerned,  may  perhaps  be  largely  remedied  by  the  con- 
struction of  storage  works  upon  the  Verde  and  Salt  rivers;  but  unless 
means  are  employed  to  prevent  it  the  same  condition  will  again  arise 
when  the  limit  of  irrigation  is  reached  under  the  storage  systems 
proposed. 

Whatever  claims  are  made  to  the  contrary,  it  is  a  fact  that  the  area 
of  land  to  be  irrigated  in  this  portion  of  the  Territory  is  much  larger 
than  can  be  served  by  any  possible  water  supply  that  can  be  made 
available  for  such  irrigation.  Neither  Arizona  nor  Salt  River  Valley 
is  any  exception  in  this  regard  to  the  rest  of  the  arid  region,  but  in 
Arizona  and  New  Mexico  the  land  and  water  are  both  still  under  the 
jurisdiction  of  the  United  States  Government,  and  steps  should  at 
once  be  taken  to  determine  where  and  to  what  extent  the  water 
resources  can  be  most  economically  developed,  and  no  irrigable  land 
should  pass  out  of  the  hands  of  the  Government  for  irrigation  pur- 
poses except  such  areas  as  it  may  be  possible  to  irrigate.  Persons 
should  not  be  allowed  to  obtain  possession  of  the  lands  to  be  irrigated 
except  upon  terms  involving  actual  irrigation  and  cultivation.    The 
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absurdity  and  wastefulness  of  the  contrary  policy  are  strikingly  illui 
trated  by  a  study  of  the  map  of  the  irrigated  areas  under  the  Florenc 
Canal.  More  than  a  hundred  thousand  acres  of  irrigable  land  migl 
be  conveniently  served  by  this  canal  if  it  had  a  sufficient  quantity  ( 
water.  There  are,  in  fact,  about  6,500  acres  watered  from  it,  ver 
little  of  which  lies  near  the  canal,  and  most  of  which  is  in  small  is< 
lated  tracts.  To  water  such  tracts  in  such  a  manner  requires  not  onl 
a  large  amount  of  construction  upon  laterals,  which  under  any  rations 
S3^stem  would  be  unnecessary,  but  it  also  involves  an  enormous  log 
of  water  through  evaporation  and  seepage  from  the  long  latera 
required  to  conduct  the  water  to  the  small  scattered  patches  of  cult 
vated  gi'ound.  The  water  flowing  through  the  Florence  Canal  durin 
the  year  1896  was  more  than  treble  that  which  would  be  required  t 
mature  the  crops  grown  in  that  year  had  it  been  economically  di; 
tributed  and  applied. 

The  following  summary  of  the  various  conditions  and  possibiliti* 
regarding  the  irrigated  areas  of  the  Gila  River  and  Salt  River  valley 
must  be  taken  with  a  large  allowance  for  error  both  regarding  exi?= 
ing  conditions  and  future  i)ossibilities.  It  is,  however,  of  some  vali 
and  interest  as  representing  in  round  numbers  the  results  of  the  be 
data  at  present  available  to  the  public. 

Smnviary  of  irrigation  in  Gila  River  ami  Salt  River  valleys, 

Acre« 

Irrigated  area  in  Cochise  County 3,  c 

Irrigated  area  in  Gila  County 1,  < 

Irrigated  area  in  Graham  County 10,  4 

Irrigated  area  in  Maricopa  County 80,  < 

Irrigated  area  in  Pima  County 4,  4 

Irrigated  area  in  Pinal  County 7,  < 

Irrigated  area  in  Yuma  County 1.  € 

Total  irrigated  area 106,  * 

Additions  may  be  made  to  the  above  area  as  follows : 

Acr^ 

Rio  Verde  Canal  project,  including  New  River  Reservoir 150,    * 

Tonto  Basin  project 300, 

Agua  Fria  project,  both  reservoirs 80, 

Cave  Creek  project 10, 

Queen  Creek  project 5, 

Walnut  Grove  project 5, 

The  Buttes  Reservoir 100. 

Oatman  Flat  Reservoir 50. 

Various  small  reservoirs  on  tributaries  of  the  Gila 50, 

Underground  developments 20, 

Total 770,  ^ 

Already  irrigated 106,  ^ 

Grand  total 876,  C 
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It  is  believed  that  these  estimates  are  generous  and  that  it  will  be 
very  many  years  before  the  above  figures  are  approached  in  actual 
practice.  Of  course  other  possibilities  exist  in  Arizona  from  the  use 
of  the  waters  of  the  Colorado  and  its  tributaries  otlier  than  the  Gila 
sjstem.  This  estimate  includes  only  the  Gila  system,  and  though  the 
imT)ove  figures  are  only  rough  estimates,  they  are  suggestive  of  the 
importance  to  the  future  of  Arizona  of  some  comprehensive  system 
of  irrigation  administration  based  upon  principles  of  broad  economy, 
^fcud  especially  of  the  necessity  of  an  exhaustive  investigation  of  the 
'^2^^T  resources  and  of  the  most  efficient  means  of  utilizing  them. 
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LETTER  OF   TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington,  February  4,  1S97. 
Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  '*  Sew- 
age Irrigation,"  by  George  W.  Rafter,  and  to  recommend  that  it  be 
published  as  the  third  number  of  the  series  of  papers  upon  water 
supply  and  irrigation.  The  manuscript  of  this  paper  as  submitted 
by  Mr.  Rafter  contains  a  considerable  number  of  details,  which  have 
been  to  a  certain  extent  generalized,  and  also  gives  a  discussion  of 
sewage  purification  in  the  United  States,  with  descriptions  of  the 
works  erected  at  various  localities,  together  with  an  appendix  con- 
taining a  list  of  publications  relating  to  sewage  irrigation.  The  limit 
of  100  pages  has,  however,  necessitated  the  dividing  of  the  manuscript 
into  two  parts.  The  first  constitutes  this  paper,  while  the  latter  has 
been  held  for  publication  in  a  future  number  of  this  series.  It  refers 
mainly  to  the  results  attained  in  various  portions  of  the  United  States, 
and  gives  a  few  examples  from  the  neighboring  Province  of  Canadu. 
The  changes  that  have  been  made  in  Mr.  Rafter's  paper  have  been  in 
the  direction  of  adapting  it  to  popular  use,  in  order  that  the  neces- 
sities and  benefits  of  sewage  irrigation  may  be  more  generally  appre- 
ciated by  the  public. 

Very  respectfully,  F.  H.  Newell, 

Hyclrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 


SEWAGE  IRRIGATION. 


By  George  W.  Rafter. 


IMPORTANCE  OF  SBWAQB  IRRIGATION. 

Owing  to  the  rapid  growth  of  urban  population  during  the  past  few 
decades,  and  the  consequent  increase  of  pollution  of  streams  from 
which  water  supplies  are  obtained,  the  subject  of  sewage  disposal  has 
come  to  be  one  of  prime  importance.  As  regards  the  United  States, 
however,  it  is  only  within  the  past  few  years  that  the  subject  of  sewage 
purification  and  its  relation  to  the  purity  of  streams  has  attracted 
general  attention.  In  view  of  the  large  number  of  people  concerned 
and  the  benefits  to  be  derived  from  the  dissemination  of  information 
on  this  subject,  there  is  probably  no  topic  relating  to  water  supply  and 
irrigation  which  is  of  greater  importance  to  the  country  as  a  whole. 

The  citizens  of  all  our  municipalities  are  interested  as  a  mere  matter 
of  sanitation  in  the  innocuous  disposal  of  sewage.  Independent  of 
commercial  considerations,  the  towns  should  welcome  any  suggestion 
looking  toward  ridding  them  of  what  is  in  most  cases  a  dead  weight  on 
the  hands  of  the  municipal  authorities.  The  farmers,  especially 
market  gardeners  in  the  vicinity  of  towns,  should  be  able  to  utilize 
sewage  with  advantage  to  themselves,  thus  rendering  beneficial  what 
is  otherwise  a  source  of  danger  to  health.  It  is  the  object  of  this 
paper*  to  point  out  to  American  farmers  and  to  municipal  authorities 

rrhere  is  nothing  especially  new  or  original  with  the  author  in  the  methods  of  sewage  irriga- 
tion which  are  here  presented.    It  is  merely  proposed  to  describe,  so  far  as  possible  in  non- 
technical language  and  for  the  benefit  of  American  farmers,  not  only  what  is  being  done  to-day 
%broad,  bat  also  what  is  being  done  here  at  home.    The  author  wishes  in  this  connection  to 
acknowledge  his  obligation  to  a  number  of  sanitary  engineers  who  have  kindly  placed  at  his  dis- 
posal information  and  illustratite  material  embodied  in  this  pajwr.    In  addition  to  courtesies 
c^eoeiTed  from  gentlemen  connected  with  the  management  and  operation  of  sewage  farms  abroad, 
as  acknowledged  in  the  paper  in  connection  with  the  discussion  of  the  several  farms  described, 
tlM  author  is  under  special  obligation  to  James  Forest,  esq.,  now  honorary  secretary  of  the  Insti- 
tution of  Civil  Engineers,  for  information  as  to  how  and  where  to  see  the  best  examples  of  sew- 
age farming  in  England.    Among  American  engineers  to  whom  acknowledgment  is  due  may  be 
mentioned  Samuel  M.  Qray,  M.  Am.  Soc.  C.  E.,  of  Providence;  Allen  Hazen,  Assoc.  M.  Am.  Soc. 
C  E.,of  Boston;  Prank  H.  Snow,  Assoc.  M.  Am.  Soc.  C.  E.,  city  engineer  of  Brockton,  Massachu- 
^tta;  George  £L  Carpenter,  C.  E.,  city  engineer,  Pawtucket,  Rhode  Island;  Carroll  Phillips  Bas- 
sett,  M.  Am.  Soc.  C.  E.,  civil  and  sanitary  engineer.  Summit,  New  Jersey;  Benezette  WUliams, 
ciril  and  sanitary  engineer,  Chicago;  Qeorge  E[.  Frost,  O.  E.,  bu^ness  manager  Engineering- 
^ewi;  M.  K.  Baker,  Ph.  B.,  associate  editor  of  Engineering  News;  Col.  George  E.  Waring,  M. 
In*tC.E.,  street  commissioner,  New  York;  and  Harrison  P.  Eddy,  C.  E.,  superintendent  of 
*Bwers,  Worcester,  Massachusetts. 
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the  fact  that  under  certain  conditions  sewage  may  be  utilized  with 
profit  and  to  indicate  in  general  terms  how  this  may  be  done. 

In  the  arid  and  semiarid  portions  of  the  West  sewage  utilization  is 
of  especial  importance,  for  there  every  drop  of  water,  especially  dur- 
ing the  summer  season,  is  needed  for  the  production  of  crops.  The 
relatively  small  flow  of  the  streams,  combined  with  the  warm  climate, 
renders  sewage  especially  obnoxious  if  not  properly  cared  for,  so  that 
considerations  of  health  and  comfort  are  added  to  those  of  increased 
land  values  due  to  complete  utilization  of  the  water  supply.  The 
introduction  of  sewage  irrigation  in  the  West  is  more  easily  accom- 
plished than  in  the  East  because  of  the  general  employment  of  water 
in  agriculture.  The  first  use  of  sewage  in  this  connection  in  the 
West  was  probably  at  Cheyenne,  Wyoming,  in  1883.  It  has  also 
been  used  at  Colorado  Springs  and  Trinidad,  Colorado,  at  Fresno, 
Pasadena,  Redding,  Los  Angeles,  Santa  Rosa,  and  Stockton,  Cali- 
fornia, at  Salt  Lake  City,  Utah,  and  at  Helena,  Montana. 

The  popular  idea,  not  only  with  us  here  at  home  but  very  largely 
abroad,  is  and  has  been  that  anything  and  everything  connected 
with  sewerage  and  sewage  disposal  is  of  so  vile  a  character  that  it 
must  be  kept  entirely  out  of  sight.     Out  of  sight,  out  of  mind,  ha^ 
been  the  universal  principle  thus  far.     The  immense  aggregation  of 
population  in  cities,  however,  by  forcing  the  subject  upon  the  attea.- 
tion  of  urban  communities,  has  served  to  modify  somewhat  this  pofJ- 
ular  misapprehension.     At  the  present  time  the  few  persons  who  have 
thought  out  the  rational  view  of  these  subjects  hold  that  the  old  notio'o 
was,  like  many  old  notions,  essentially  wrong.     Sewage  is  a  great  fa^^^ 
of  existence,  and  the  proper  way  is  not  to  ignore  it  but  to  meet  tt:»^ 
problem  on  its  merits,  the  same  as  other  difficulties  are  met  and  ove^  ^ 
come.     In  this  spirit,  in  England,  at  any  rate,  it  has  become  qui 
common  to  build  the  necessary  works  connected  with  sewerage  ai 
sewage  disposal  as  ornamental  as  possible,  and  in  the  United  Stat* 
this  plan  has  been  likewise  followed  in  a  few  places. 

Sewage  purification  was  first  attempted  in  England  about  fori 
years  ago.  At  that  time  extravagant  and,  in  the  main,  essential 
erroneous  views  were  entertained  as  to  the  possibilities  of  its  utilii 

tion  in  agriculture.     Especially  was  this  true  as  regards  the  manufa 

ture  of  artificial  fertilizers  from  the  sludge  of  various  chemie- — 
processes.     Large  investments  of  capital  were  made  and  concessio^^ 
granted  by  towns  to  private  companies,  practically  all  of  which  we:^ 
for  processes  of  chemical  purification.     With  very  few  exceptio^^ 
these  investments  have  all  proved  a  dead  loss.     The  purification 
sewage  by  chemical  treatment  at  a  commercial  profit  has  been  fouj 
impracticable.     In  the  meantime  land  processes,  which  have  dev< 
oped  contemporaneously  with  the  chemical  purification 
have  in  every  sense  held  their  own,  until  at  the  present  time  it  can       ^ 
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said  that  under  proper  conditions  a  fair  profit  may  be  made  by  the 
cultivator  from  the  utilization  of  sewage  in  agriculture. 

About  twelve  years  ago  the  author  began  to  collect  information  in 
regard  to  the  pollution  of  streams  and  the  purification  of  sewage,  with 
special  reference  to  the  conditions  existing  in  the  United  States.  At 
that  time,  aside  from  the  work  done  by  the  Massachusetts  State  Board 
of  Health  and  that  just  begun  by  the  city  of  Philadelphia,  very  little 
information  was  available  as  to  stream  pollution  in  this  country;  nec- 
essarily one  studying  the  subject  must  go  to  the  foreign  sources  of 
infonnation,  and  for  this  purpose  nothing  better  could  be  found  than 
the  voluminous  English  sanitary  reports,  issued  from  time  to  time 
by  various  royal  commissions  and  by  a  number  of  the  large  munici- 
palities of  that  country.  But  since  about  1886  the  subject  of  sewage 
purification  and  its  relation  to  the  purity  of  streams  has  received 
much  consideration  in  the  United  States,  so  that  at  the  present  time 
we  have  over  sixty  purification  works  in  operation.  American  data 
are  therefore  accumulating  rapidly,  and  we  may  hope  in  a  few  years 
more  to  have  arrived  at  a  full  understanding  of  the  more  important 
principles  involved  in  sewage  purification  and  the  prevention  of  pol- 
lution of  streams  as  applied  to  our  special  conditions. 

The  conditions  here  are  quite  different  from  those  existing  abroad. 
In  the  first  place,  the  streams  are  much  larger,  and  so  far  as  the  pro- 
<luction  of  mere  effluvium  nuisances  is  concerned  they  can  take  larger 
<iuantities  of  sewage  without  offense,  although  it  ought  not  to  be  over- 
^ked  that  since  many  of  our  streams  are  the  sources  of  public  water 
supplies  the  effect  of  sewage  pollution  may  be  even  more  harmful  than 
though  effluvium  nuisances  were  produced,  which,  however  unpleas- 
*^t  to  the  sense  of  smell,  are  not  always  the  source  of  special  impair- 
ment of  health.     Again,  it  may  be  pointed  out  that  land,  even  in  the 
^niinediate  vicinity  of  large  towns,  is  much  cheaper  here  than  abroad. 
^^  a  number  of  cases  in  England  the  lands  utilized  for  sewage  irriga- 
tion have  cost  as  much  as  £400  to  £500  per  acre,  whereas  with  us  f  re- 
Q^ently  suitable  lands  can  be  purchased  within  practicable  distance 
^f  towns  for  from  one-quarter  to  one-eighth  of  these  figures. 

The  large  amount  of  experience  gained  abroad  should  have  weight 
^^d  value.  For  this  reason  an  attempt  is  herein  made  to  present  sali- 
^^tly  the  current  European  practice  of  sewage  utilization.  We  have 
^^ed  too  often  to  work  out  for  ourselves  what  is  popularly  known  as 
^^e  American  method,  ignoring  the  experience  of  others.  We  may 
^htis  attain  unto  knowledge  in  the  course  of  time,  but  meanwhile 
^any  unprofitable  investments  will  be  made  and  money  and  time  will 
^  unnecessarily  lost.  In  this  respect  the  conditions  are  similar  to 
^'feose  seen  in  the  development  of  ordinary  forms  of  irrigation  in  the 
^est,  where  frequently  expensive  works  have  been  built  and  operated 
Without  a  knowledge  of  the  water  supply  or  other  conditions.    A  very 
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cursory  study  of  Old  World  irrigation  would  have  saved  considerable 
loss  and  resulted  in  more  satisfactory  results  than  those  now  attained. 
In  many  of  these  older  countries,  having  physical  and  climatic  condi- 
tions almost  identical  with  our  own,  methods  of  agriculture  and  of 
controlling  and  utilizing  water  have  been  developed  through  the  trials 
and  failures  of  unnumbered  generations.  We  are  merely  repeating 
many  of  their  mistakes,  and  are  oiily  gradually  coming  to  appreciate 
the  fact  that  a  more  complete  knowledge  of  the  experience  of  the 
rest  of  mankind  would  be  of  incalculable  value  to  us. 

GENERAL  PRINCIPLES. 

The  more  important  of  the  general  principles  discussed  in  this  paper 
are  brought  together  at  this  point  for  convenience  of  reference; 

(1)  Sewage  purification  is  an  imperative  duty  which  municipalities 
owe  to  the  owners  of  riparian  rights,  and  which  can  not  be  neglected 
by  municipalities  without  such  an  infringement  upon  those  rights  as 
it  is  now  well  established  may  be  prevented  by  legal  process. 

(2)  Sewage  utilization  should  go  hand  in  hand  with  purification. 
When  operated  with  reference  to  all  the  necessary  conditions,  a  proper 
degree  of  purification  may  be  attained  as  well  as  satisfactory  utiliza- 
tion. 

(3)  The  proper  method  of  utilizing  sewage  is,  for  purposes  of  irriga- 
tion, by  means  which  do  not  differ,  except  in  matters  of  detail,  fvova 
those  of  ordinary  irrigation  as  practiced  abroad  for  centuries. 

(4)  In  order  to  utilize  sewage  to  the  best  advantage,  the  towns  should 
construct,  at  their  own  expense,  intermittent  filtration  areas  on  which 
the  sewage  may  be  efficiently  purified  when  not  required  for  use  ^^ 
agriculture.  Farmers  utilizing  sewage  in  agriculture  should  be  r^* 
quired  to  take  it  only  as  needed  for  the  best  results  on  crops. 

(5)  The  theory  of  the  action  of  intermittent  filtration  is  in  effect  tb^ 
theory  of  purification  as  effected  by  broad  irrigation,  the  difference 
between  the  two  being  chiefly  a  matter  of  detail. 

(6)  In  the  purification  of  a  strong  acid  sewage  from  manufacturio? 
towns  it  may  sometimes  become  desirable  to  treat  the  sewage  by  * 
chemical  process  before  utilizing  it  in  agriculture.  For  this  purpo^ 
lime  is  the  chemical  commonly  used. 

(7)  In  case  the  effluent  from  sewage  purification  works  or  areas  ^^ 
to  be  passed  into  streams  which  are  the  source  of  drinking  water  f  ^^ 
towns  farther  down,  the  degree  of  purification  should  necessarily  l^ 
high.  The  experiments  of  the  Massachusetts  State  Board  of  Healti^ 
show  that  there  is  no  trouble  in  removing  from  95  to  99^  per  cent  ^^ 
the  organic  impurity,  as  indicated  either  by  the  chemical  constituer^*® 
or  by  the  bacteria.  When  as  much  as  99  per  cent  is  removed,  tl*^ 
sewage  becomes  chemically  purer  than  the  water  of  many  wells,  ax»^ 
there  is,  so  far  as  known,  absolutely  no  reason  why  it  may  not  pB^ 
safely  into  a  stream  used  as  the  source  of  a  public  water  supply. 
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(8)  Intermittent  filtration  areas  are  best  constructed  of  coarse  mor- 
tar sand,  as  shown  by  the  experiments  of  the  Massachusetts  State 
Board  of  Health. 

(9)  Intermittent  filtration  is  chiefly  a  biological  process,  in  which 
the  nitrifying  organisms,  with  the  assistance  of  oxygen  and  the 
minerals  naturally  in  solution  in  sewage,  resolve  objectionable  organic 
matter  into  mineral  nitrates,  etc.,  the  whole  process,  when  properly 
conducted,  taking  place  without  the  production  of  objectionable  odor. 
The  conditions  for  successful  treatment  are,  generally,  intermittency 
of  application  and  open  spaces  in  the  filtering  material  to  which  com- 
mon air  may  easily  gain  access.  Such  filters  may  be  expected  to 
purify  from  30,000  to  100,000  gallons  per  acre  per  daj'',  the  amount 
depending  upon  the  quality  of  the  material  in  respect  to  sand  and 
water  content,  as  defined  by  the  studies  of  Mr.  Allen  Hazen.* 

(10)  Sewage  may  be  purified  by  broad  irrigation  at  all  seasons  of 
the  year  at  any  place  where  the  mean  air  temperature  of  the  coldest 
month  is  not  lower  than  about  20°  to  25°  F.,  while  by  the  use  of  inter- 
mittent filtration  it  may  be  purified  fairly  well  down  to  a  limit  of 
IS""  to  20°  F.,  provided  the  sewage  reaches  the  purification  area  at  a 
temperature  not  lower  than  about  45°  F. 

(11)  From  the  experience  gained  abroad  it  is  clear  that  we  may 
successfully  cultivate  almost  any  of  the  ordinary  agricultural  produc- 
tions of  the  United  States  on  sewage  farms,  due  regard  being  had  in 
every  case  to  the  special  conditions  required  for  each  particular  crop. 

(12)  The  most  efficient  purification  of  sewage  can  be  attained  by 
its  application  to  land. 

(13)  On  properly  managed  sewage  farms  the  utilization  of  sewage 
is  not  prejudicial  to  health. 

(14)  In  comparing  the  results  of  sewage  utilization  as  thus  far 
obtained  in  the  United  States  with  the  results  obtained  abroad  it  is 
clear  that,  generally  speaking,  we  have  not  been  specially  successful. 
As  one  chief  step  toward  a  remedy  for  this  we  need  to  create  in  this 
country  a  class  of  sewage-farm  managers  who  are  thoroughly  familiar 
with  all  phases  of  the  question.  Thus  far  the  management  of  Amer- 
ican sewage  farms  has  been  usually  in  the  hands  of  committees  of 
municipal  councils  having  little  or  no  knowledge  of  the  real  govern- 
ing conditions. 

(15)  The  experience  in  England,  Germany,  and  France,  and  also 
that  gained  in  this  country,  all  points  to  intermittent  filtration  relief 
areas,  on  which  any  surplus  sewage  not  required  in  agriculture  may 
be  purified,  as  the  rational  method  of  procedure. 


'Prom  30,000  to  100,000  gallons  of  ordinary  raw  town  sewage  may  be  so  thoroughly  purJfied 
that  it  may  be  admitted  to  streams  from  which  public  water  supplies  are  taken.  If  a  less  thor- 
^^h  pariflcation  is  required,  or  if  the  sewage  has  been  previously  treated  with  lime,  from 
300,000  to  300,000  gaUons  per  acre  per  day  may  be  successfully  purified. 
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SEWAGE   DEFINED. 

Before  proceeding  to  the  main  discassion,  it  is  necessary  to  kno^ 
the  meaning  of  the  terms  in  common  use.  By  sewerage  we  refer  tc 
the  general  practice  of  removing  the  liquid  and  solid  wastes  of  the 
human  economy,  as  well  as  the  washings  of  streets  and  manufacturing 
wastes,  by  water  carriage.  A  sewer  is  the  conduit  in  which,  by  the 
medium  of  water,  such  removal  is  effected.  Sewage  is  the  generic 
term,  not  only  for  the  combined  water  and  waste  matter  flowing  ii 
sewers,  but  also  for  the  mixed  solid  and  liquid  matter  handled  eithei 
by  pail  or  by  pneumatic  systems. 

Ordinary  city  sewage  contains  a  great  variety  of  ingredients  ii 
addition  to  the  waste  water  from  kitchens,  baths,  laundries,  and  othei 
domestic  of&ces.  In  manufacturing  districts  it  may  contain  the  refuse 
substances  of  various  manufacturing  processes,  the  whole  dilutee 
with  a  considerable  amount  of  water,  to  which,  in  rainy  weather,  ir 
towns  with  combined  sewerage  systems,  is  added  a  large  amount  q\ 
sand  and  earth  and  organic  matter  from  the  street  washings.  Wit! 
separate  systems  of  sewers  street  washings  are  excluded,  and  th< 
sewage,  by  reason  of  containing  the  house  drainage  only,  has  a  mucl 
more  uniform  comx)osition  than  is  found  in  the  sewage  from  combinec 
systems;  whence  it  results  that  the  sewage  from  separate  systems  ii 
somewhat  more  amenable  to  treatment,  for  two  reasons:  (1)  because 
of  more  uniform  composition;  (2)  on  account  of  less  variation  ii 
quantity.  In  case  sewage  is  to  be  purified  at  sewage-disposal  works 
both  these  considerations  lead  to  decrease  in  first  cost  of  the  worki 
as  well  as  to  decrease  in  annual  expense  of  operation.  In  case  o 
utilization  of  sewage  for  irrigation,  the  same  considerations  lead  t: 
certainty  and  ease  in  the  utilization  as  well  as  to  decrease  in  th 
expense.^ 

In  American  cities,  which  use  at  least  60  to  100  gallons'  of  water  i>^ 
capita  per  day,^  sewage  is  considerably  more  dilute  than  in  forei^ 
cities,  where  from  30  to  50  gallons  per  capita  is  more  nearly  the  das- 
allowance.     As  remarked  by  Mr.  Mills  in  the  special  report  of  t3 
Massachusetts  State  Board  of  Health,  we  may  say  that  the  sewage 
the  average  American  town  will  contain  something  like  998  parts 
water,  1  part  of  mineral  matter,  and  1  part  of  organic  matter.     T 
mineral  matter,  as  it  ordinarily  exists  in  sewage,  can  not  be  consideri^ 
as  speciall}'^  harmful,  and  from  a  sanitary  point  of  view  the  object 

1  See  Sewage  Disposal  in  the  United  States,  Rafter  and  Baker,  Chapter  VIII,  *'  General  dats^ 
sewage  disposal,''  and  Chapter  IV,  "  The  self-purification  of  running  streams,"  etc.,  for  detail 
discussion  of  fundamental  points  only  briefly  touched  upon  here. 

>  In  all  cases  by  gallons  is  understood  the  United  States  gallon  of  231  cubic  inches,  or  O.IS^ 
cubic  feet. 

*For  information  as  to  the  useof  water  in  American  cities  and  towns  in  detail,  see  the  Mani;^ 
of  American  Water  Works.    A  few  cases  are  cited  on  page  16,  following. 
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sewage  purification  is  chiefly  to  get  rid  of  the  one  one-thoasandth  part 
of  organic  matter.^ 

Comparing  several  series  of  analyses,  both  American  and  English^ 
it  becomes  apparent  that  ordinary  town  sewage  in  England  is  usually 
considerably  more  concentrated  than  that  of  the  American  towns. 
It  is  very  important  to  bear  this  in  mind  in  applying  English  data  to 
American  conditions.  The  elaborate  experiments  conducted  by  the 
Massachusetts  State  Board  of  Health  at  Lawrence,  and  which  have 
been  reported  from  year  to  year  in  the  annual  reports  of  that  board 
from  1888  to  the  present  time,  indicate  that  there  is  a  relation  between 
the  purifying  capacity  of  different  filtrating  materials  and  the  amount 
of  impurity  which  can  be  removed  from  sewage  of  a  given  strength. 
This  point  is  strongly  brought  out  by  the  experiments  conducted  by 
the  3Iassachusetts  board.  It  follows,  then,  that  if  we  prepare  special 
areas  of  sewage  purification  in  accordance  with  the  indications  of  the 
Massachusetts  experiments  we  may  expect  to  apply  somewhat  larger 
volumes  of  average  American  dilute  town  sewage  per  unit  of  area 
than  has  usually  been  found  expedient  in  English  practice.  If,  there- 
fore, we  use  English  data  without  i^ef  erence  to  the  quality  of  the  soil 
to  which  the  sewage  is  to  be  applied,  or  of  the  sewage  itself,  we  shall 
be  likely  to  arrive,  at  times,  at  more  or  less  erroneous  conclusions. 

As  a  summation  of  this  part  of  the  discussion,  we  may  say  that  the 
chief  object  of  sewage  purification  is  to  rid  the  sewage  of  the  one  one- 
thousandth  part  of  organic  matter  which  it  contains,  and  that  all  of 
the  appliances  for  sewage  purification  and  utilization  may  be  consid- 
ered as  directed  toward  this  one  point. 

QUANTITY   OF   SEWAGE. 

In  considering  processes  for  the  utilization  of  sewage,  either  in 
Agriculture  or  for  its  direct  purification  b}'  chemical  methods  or  by 
^Jitermittent  filtration,  it  becomes  necessary  to  learn,  first  of  all,  what 
^Tiantity  of  sewage  ma}'  be  expected  from  a  given  population,  and, 
^Uasmuch  as  the  flow  of  sewage  will  vary  with  the  quantity  of  water 
^^pply,  our  first  inquiry  may  be  properly  directed  toward  ascertain- 
^g  the  amount  of  water  used  in  American  towns.  It  may  be  pointed 
^tit,  however,  and,  indeed,  strongly  insisted  upon,  that  general  dis- 
^^Ussion  of  this  phase  of  the  question  can  only  be  of  use  as  indicating 
^-^ted  and  approved  methods  of  procedure.  The  conditions  vary  so 
&^eatly  in  different  towns  that  each  case  must  be  taken  by  itself  as  a 
PiX)blem  for  special  solution. 

If  we  examine  statistics  of  the  average  consumption  of  water  per 
inhabitant  in  the  various  cities  of  the  United  States,  as  given  in  the 
Manual  of  American  Water  Works  and  in  other  publications,  we 

^8«e  table  in  the  Twenty-Sixth  Annual  Report  of  the  State  Board  of  Health  of  Massachusetts, 
^1  page  457,  for  the  average  composition  of  the  sewage  used  in  the  experiments  conducted 
W  Lawrence  by  that  board  from  1888  to  1894.  inclusive. 
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learn  that  there  are  wide  variations.  Without  attempting  to  show 
their  extent  here,  we  may  cite  the  statistics  of  a  few  cities  of  the 
United  States  by  way  of  illustration: 

Ai*erage  use  of  unter  in  various  cities  of  the  United  States, 


New  York 

Chicago 

Philadelphia 

San  Francisco 

Buffalo 

Washington 

Allegheny,  Pennsylvania 

Lowell,  Massachusetts 

Fall  River,  Massachnsetts . . . 
Cambridge,  Massachnsetts... 

Atlanta,  Georgia 

Dayton,  Ohio 

Troy,  New  York 

Trenton,  New  Jersey  _ 

Portland,  Oregon 

Lawrence,  Massachusetts 

Manchester,  New  Hampshire 
Wilhamsport,  Pennsylvania  . 

Birmingham,  Alabama 

Newton,  Massachusetts 


Population, 
1890. 

Daily  use 
per  inhab- 
itant. 

GcUlatvs. 

1,515,301 

79 

1,099,850 

140 

1,046,964 

132 

298,997 

61 

255,664 

186 

230,392 

158 

105,287 

59 

77, 696 

66 

74,398 

29 

70, 028 

64 

65,533 

36 

61,220 

47 

60,956 

125 

57,458 

62 

46,385 

203 

44,654 

62 

44, 126 

44 

27, 132 

143 

26, 178 

162 

24, 379 

40 

Many  other  cases  could  be  cited  from  a  vast  mass  of  statistics  bear- 
ing upon  this  subject  now  in  existence,  but  the  foregoing  are  sufficient 
to  show  that  the  use  of  water  in  towns,  both  large  and  small,  does  not 
follow  any  special  law,  and  that  the  only  way  to  proceed  will  be  to 
consider  each  case  on  its  merits.  On  this  point  we  may  say  that 
usually  the  use  is  smaller  in  towns  provided  with  met^r  systems  than 
in  those  without,  and,  further,  that  in  those  towns  where  meters  are 
being  gradually  introduced  the  tendency  seems  to  be,  on  the  whole, 
toward  a  reduction  per  capita  of  consumption;  all  of  which  again, 
emphasizes  the  importance  of  studying  each  case  on  its  merits. 

In  making  arrangements  for  utilizing  sewage  in  agriculture,  or  even, 
for  the  purpose  of  purifying  it  in  order  to  complj'  with  sanitary  require- 
ments, it  is  very  important  to  take  into  account  the  future  growth  of 
the  town.  The  tendency  of  the  last  few  decades  has  clearly  been  in 
the  direction  of  great  increase  in  urban  population,  as  illustrated  by 
the  reports  of  the  last  census. 
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In  addition  to  variations  in  quantity  of  sewage  due  to  varying  uses 
water  in  public  supplies,  we  may  frequently  expect  to  find  variations 
e  to  infiltration  of  drainage  water  into  the  sewers  themselves,  which 
11  of  course  increase  the  flow  of  sewage  over  and  above  that  due  to 
3  water  supply,  and  to  leakage  from  the  sewers  through  gravel  and 
ler  porous  material  and  through  the  seams  of  rocks,  which  tends  to 
crease  the  flow  below  the  amount  due  to  the  water  supply.  Both  of 
^e  sources  of  variation  will  frequently  operate  to  modify  conclu- 
ns  based  upon  water  supply  purely. 

\ecording  to  Frederick  P.  Steams,  M.  Am.  Soc.  C.  E.,^  the  amount 
ground  water  finding  its  way  into  the  sewers  of  the  main  drainage 
item  of  the  city  of  Boston  is  about  45  gallons  per  capita  per  day. 
is  large  filtration  is  due  chiefly  to  the  fact  that  many  of  the  older 
i^ers  of  Boston  are  built  of  either  dry  or  relatively  open  rubble 
.sonry,  while  some  of  them  follow  the  threads  of  old  water  courses, 
:h  of  these  circumstances  leading  to  relatively  large  contributions 
ground  water. 

\t  East  Orange,  New  Jersey,  a  separate  system  of  sewers  was  car- 
d  out  in  1886  and  1888.  The  infiltration  as  measured  before  any 
use  connections  were  in  use  was,  for  25  miles  of  vitrified  tile  sewers, 
out  2.5  gallons  per  second.  For  the  main  brick  sewer,  4,000  feet  in 
igth,  the  infiltration  was  5  gallons  per  second.  The  total  infiltration 
►m  the  whole  system  amounted  at  these  rates  to  650,000  gallons  per 
y.  The  flush-tank  flow  was  taken  at  30,000  gallons  per  day,  and 
:«r  the  house  connections  were  made  the  house-sewage  flow  from  the 
atributing  population  of  about  15,000  was  taken  at  620,000  per  day; 
nee  the  infiltration  was  50  per  cent  of  the  total  quantity.^  The 
medy  for  a  leakage  into  the  sewers  of  this  character  may  be  found 
improved  methods  of  laying  the  sewers  themselves.  In  any  case  it 
*y  be  pointed  out  that  an  addition  to  the  sewage  flow  proper  of  50 
r  cent  in  the  way  of  ground  water  is  an  unnecessary  addition  to  the 
pense  of  sewage  purification,  should  any  be  required. 
We  will  assume,  as  regards  the  present  argument,  that  the  sewers 
a  separate  system  may,  with  careful  workmanship,  be  made  practi- 
^lly  impervious,  and  that  the  sewage  flow  will  therefore  be  about 
•presented  by  the  amount  of  the  public  water  supply.  We  will  f  ur- 
^er  assume  that  there  is  no  good  reason  why,  in  a  properly  managed 
^nicipality ,  then^  should  be  used  more  than  from  60  to  80  gallons  of 
ater  per  capita  per  day.  At  this  rate  the  sewage  flow  of  a  population 
•  10,000  would  amount  to  from  600,000  to  800,000  gallons  per  day. 
i  combined  systems  where  the  sewers  receive  the  rainfall  as  well  as 
^e  sewage  proper  it  will  be  necessary  to  provide,  in  any  purification 
^ject,  for  taking  care  of  and  properly  purifying  a  considerable 
[>rtion  of  the  storm  water  at  each  rainfall. 


special  Report  upon  the  Sewerage  of  the  Mystic  and  Charles  Hirer  Valleys,  as  made  to  the 
^^  Board  of  Health  of  Massachusetts. 

^Inland  sewage  disposal,  with  special  reference  to  the  East  Orange  (New  Jersey) works, 
^(Wroli  Phillips  Basaett,  M.  Am.  Soc.  C.  E.:  Trans.  Am.  Soc.  Civil  Eng.,  Vol.  XXV,  p.  12S. 
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STREAM   POLLUTION. 

It  is  a  well-established  principle  of  law  that  every  riparian  proprie- 
tor is  entitled  to  have  a  stream  of  water  flow  by  his  realt}^  as  it  is 
wont  to  flow  by  nature.  From  this  principle  we  have  derived  the  old 
and  well-settled  doctrine  that  to  pollute  a  public  stream  is  to  main- 
tain a  common  nuisance.  The  necessities  and  conditions  of  modem 
society  have,  however,  tended  to  some  modification  of  this  principle 
as  thus  strictly  announced,  so  that  at  the  present  time  there  are  cer- 
tain reasonable  pollutions  of  streams,  or,  rather,  there  are  certain  spe- 
cific cases  in  which  a  stream  may  be  i)olluted  to  some  extent  without 
abrogating  the  essential  force  of  the  fundamental  proposition.  At 
the  same  time  it  must  be  remembered  that  the  broad  proposition  that 
streams  ought  not  to  be  polluted  is  on  the  whole  sound.  ^  Admitting 
such  premise,  we  are  forced  to  the  conclusion  that  some  form  of  sew- 
age purification  is  necessary  wherever  an  aggregation  of  human  beings 
in  thickly  settled  communities  leads  to  the  production  of  any  con- 
siderable amount  of  sewage. 

If,  however,  towns  or  manufacturing  establishments  are  situated  on 
tide  water,  there  is  no  reason  why  the  sewage  may  not  be  disposed  of 
by  discharging  it  into  the  ocean,  provided  such  a  discharge  can  be 
made  without  creating  a  nuisance  along  inhabited  beaches,  and  also 
provided  it  is  clear  that  such  discharge  is,  on  the  whole,  financially 
to  the  advantage  of  the  community  furnishing  the  sewage.  But  if  on 
examining  all  the  attendant  circumstances  it  appears  that  the  sewage 
can  be  profitably  utilized  in  agriculture,  then  there  is  no  reason  why 
such  utilization  may  not  be  made,  even  in  the  case  of  towns  situated  on 
tide  water.  We  need,  therefore,  as  a  necessary  part  of  our  subject,  to 
discuss  the  general  question  of  purification  of  streams.  This  ques- 
tion has  been  the  subject  of  a  large  amount  of  discussion  in  England, 
where  interest  in  it  may  be  considered  as  dating  from  the  first  rei>ort 
of  the  Health  of  Towns  Commission,  made  in  1844.' 

*  The  legal  aspects  of  stream  pollution  as  the  matter  stands  to-day  are  discussed  in  Sewage 
Disposal  in  the  United  States,  Chapter  VI.  The  attention  of  the  reader  is  specially  directed 
to  the  views  of  the  Massachusetts  Drainage  Commission  as  there  given.  The  report  of  that 
commission  may  also  be  referred  to,  though,  as  it  has  long  been  out  of  print,  it  is  now  difficult  to 
obtain. 

3  This  commission  made  two  reiiorts:  The  first,  in  1844,  published  in  two  octavo  volumes; 
the  second,  in  1845,  also  in  two  octavo  volumes.  These  two  reports  may  be  taken  as  the  begin- 
ning of  sanitary  science  in  England  and  in  the  civilized  world  genersdly.  Previous  to  and  at 
that  time  the  condition  of  the  English  towns,  especially  in  the  manufacturing  districts,  as  shown 
by  the  information  contained  in  these  two  reports,  was  such  that  the  present  generation  can 
only  with  difficulty  realize  it.  These  reports  should  be  studied  by  any  person  wishing  to  com- 
pass the  whole  subject  of  sewage  utilization,  by  way  of  showing  the  nuHpiitude  of  the  evil  which 
has  been  combated  and  greatly  mitigated  since  1844. 

Among  the  subjects  which  this  commission  was  especially  charged  with  investigating  were 
the  causes  of  disease  among  the  inhabitants  as  well  as  the  best  means  of  promoting  and  securing 
thib  public  health.  The  commission  pointed  out  a  large  number  of  cases  where  stream  pollution 
was  undoubtedly  the  cause  of  insanitary  conditions,  and  the  notable  sanitary  reforms  which 
have  placed  England  as  regards  sanitary  improvements  easily  in  the  front  rank  of  nations  have 
all  been  perfected  since  that  date.  During  the  same  i>eriod  the  literature  of  sanitation  has  been 
enriched  by  a  number  of  valuable  reports  in  which  every  possible  phase  of  stream  poUution  has 
been  discussed. 
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Without  referring  here  to  all  of  the  various  commissions  in  detail, 
1  may  cite  the  Royal  Sanitary  Commission  of  1869,  and  the  Rivers 
llution  Commission.  The  former  recommended  that  any  stream 
►m  which  drinking  water  is  taken  should  be  effectually  protected 
►m  sewage  pollution.  The  principle  laid  down  at  that  time  has  been 
wlnally  extended  until  we  now  formulate  it  by  the  statement  that 
-earns  which  are  even  likely  to  be  a  source  of  water  supply  ought 
t  to  receive  sewage  pollution,  or,  if  they  do,  only  under  such  regu- 
ions  as  will  admit  of  immediate  discontinuance  of  the  pollution 
lenever  the  water  is  required  for  domestic  purposes. 
The  Rivers  Pollution  Commission^  in  their  report  point  out  not 
lythe  evils  of  pollution  by  sewage  proper,  but  also  those  pro- 
ced  by  pollution  from  manufacturing  refuse.  As  regards  this 
3ond  class  of  pollutions,  from  manufacturing  refuse,  the  following 
ussification  can  be  made:  Pollution  by  dye,  print,  and  bleach  works; 
emical  works;  tanneries;  paper  making;  woolen  works;  silk  works. 
The  reports  of  the  Royal  Commission  on  Metropolitan  Sewage  Dis- 
arge  and  of  the  Royal  Commission  on  Metropolitan  Water  Supply 
io  contain  much  information  relating  to  stream  i)ollution. 
In  this  country  stream  pollution  has  been  generally  discussed  by 
e  State  boards  of  health  of  Massachusetts,  Connecticut,  Illinois,  and 
me  of  the  other  States.  In  Massachusetts  the  State  Board  of  Health 
ade  the  following  recommendations  many  years  ago:' 

(1)  That  no  city  or  town  shall  be  allowed  to  discharge  sewage  into  any  water 
<iT8e  or  pond  withont  first  purifying  it  according  to  the  best  process  at  present 
own,  which  is  irrigation ;  provided,  that  this  regulation  does  not  apply  to  a  dis- 
arge  from  sewers  already  built,  tmless  water  supplies  be  thereby  polluted ;  and 

Rivera  Pollution  Commission  (first  commission).  This  commission  made  three  reports.  The 
K  report  deals  generally  with  the  best  methods  of  preventing  the  iiollution  of  rivers,  with 
)cial  reference  to  the  conditions  prevailing  at  that  time  on  the  River  Thames.  The  second 
?oit  deals  with  the  River  Lea.  The  third  report  deals  with  the  rivers  Ayr  and  Calder.  Five 
Inmes  in  all,  4<',  London,  18a&-67. 

divers  Pollution  Commission  (second  commission).  Report  of  the  commissioners  api>ointed 
18<I8  to  inquire  into  the  best  means  of  preventing  the  pollution  of  rivers.  This  commission 
^e  six  reports  in  all.  The  first  rejiort  (2  volumes)  treats  of  the  iiollntion  of  the  basin  of  the 
'era  Mersey  and  Ribble  and  of  the  best  means  of  preventing  iiollution  therein.  The  second 
?ort  is  taken  up  with  a  description  of  the  ABC  process  of  treating  sewage.  The  third 
^^  (2  volumes)  discusses  the  pollution  arising  from  the  woolen  manufacture  and  processes 
uiected  therewith.  Whoever  would  understand  this  division  of  stream  pollution  in  all  its 
*aes  should  study  this  report.  The  fourth  reiiort  treats  of  the  pollution  of  the  rivers  of  Scot- 
ia and  gives  special  consideration,  among  other  subjects,  to  the  pollution  arising  from  paper- 
U  Wastes,  etc.  The  fifth  report  (2  volumes)  treats  of  the  iiollution  arising  from  mining 
orations  and  metal  manufactures.  The  sixth  report  treats  of  the  general  subject  of 
'^tsetic  water  supply  of  Oreat  Britain.  A  large  amount  of  information  about  water  supplies 
^  cultivated  and  uncultivated  areas  and  the  contamination  of  water  from  manured  and 
^''^nred,  cropped  and  uncropped  land,  is  given,  the  whole  forming  a  vast  body  of  sanitary 
'Onnation  pertinent  to  present  conditions.  Ten  volumes,  4**,  London,  1870-71-73-74. 
'^venth  A^Ti^i*^  Report,  1876,  p.  12.  To  illustrate  the  pollution  to  which  a  single  stream  is 
^j^,  reference  should  be  made  to  the  Eighth  Annual  Report  of  the  Massachusetts  State 
^  of  Health.  In  this  it  is  stated  that  on  the  Nashua  River  are  92  mills,  employing  5,543  per- 
''*•  This  stream  drains  an  area  of  497  square  miles,  with  an  average  i>opulation  of  106.5  to 
^  Bquare  mile. 

^^  reports  of  the  Philadelphia  water  department,  from  the  eighty-third  to  the  eighty-sixth, 
^Hsive,  may  be  referred  to  for  information  in  regard  to  stream  pollution. 
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provided  also,  that  any  intended  discharge  of  sewage  can  be  shown  to  be  at  snch 
point  that  no  nuisance  will  arise  from  it. 

(2)  That  no  sewage  of  any  kind,  whether  purified  or  not,  be  allowed  to  enter 
any  pond  or  stream  used  for  domestic  purposes. 

(3)  That  each  water  design  should  be  regarded  by  itself  in  the  preparation  of 
plans  for  sewerage  and  water  supplies. 

(4)  That  accurate  topographical  surveys  always  be  made  of  all  towns  before 
introducing  water  supplies  or  sewers. 

(5)  That  steps  should  be  taken  by  special  legislation,  based  upon  investigations 
and  recommendations  of  experts,  to  meet  cases  of  serious  annoyance  arising  from 
defective  arrangements  for  the  disposal  of  sewage. 

In  the  Tenth  Annual  Report  of  the  Connecticut  State  Board  of  Health 
(1888),  Prof.  S.  W.  Williston,  of  Yale  University,  has  given  an  excel- 
lent account  of  the  wastes  from  manufacturing  processes,  which  may 
be  referred  to  as  perhaps  the  most  useful  recent  contribution  to  the 
literature  of  river  pollution.  At  any  rate,  it  easily  ranks  first  among 
recent  American  contributions  to  that  literature.  Professor  Williston 
takes  up  in  his  report  the  waste  due  to  various  manufacturing  proc- 
esses, such  as  brass  working,  iron  working,  paper  making,  woolon, 
cotton,  and  silk  mills,  and  so  on,  and  gives  under  each  head  the  chief 
sources  of  pollution. 

As  to  brass  works,  it  is  stated  that  they  are  productive  of  little  sani- 
tary injury  to  a  stream,  although  the  discharge  of  their  chief  waste, 
sulphate  of  copper,  is  the  most  poisonous  to  fish  of  any  of  the  manu- 
facturing wastes.  Brass  works,  therefore,  usually  cause  the  fish  to 
leave  any  stream  which  receives  a  considerable  quantity  of  refuse  from 
the  works.  Aside  from  sulphate  of  copper,  the  other  waste  products 
of  brass  works  are  acids  and  oils.  In  many  of  the  brass  manufactur- 
ing establishments,  especially  those  using  the  electro-metallurgical 
process,  considerable  quantities  of  cyanide  of  potash  and  ammonia  are 
used.  Goods  requiring  electroplating  are  first  treated  with  an  alkali 
to  remove  any  greasy  matters  adhering  to  the  metal,  and  are  then  sub- 
jected to  a  dilute  acid  bath  in  order  to  remove  the  oxides  from  the  sur- 
face. They  are  then  placed  in  a  cyanide  of  potash  solution,  which  acts 
as  the  carrier  in  the  deposition  of  the  metal  upon  the  surface  plated. 

Cyanide  of  potash  is  a  virulent  poison,  and  Professor  Williston 
states  that  a  sufficient  quantity  is  annually  employed  in  the  Nauga- 
tuck  Valley,  in  Connecticut,  to  destroy  all  the  inhabitants  of  the 
United  States.  Most  of  it,  however,  is  neutralized  by  the  other  chem- 
icals used,  so  that  it  is  doubtful  whether  its  contaminating  influence^ 
is  very  great. 

In  the  manufacture  of  iron  the  only  waste  of  importance  is  that  froirM. 
the  pickling  baths  used  for  giving  a  nonoxidized  surface  to  either  wir^^ 
or  fiat  sheets  which  are  to  be  galvanized.  Such  iron  is  dipped  in  j^ 
solution  of  dilute  sulphuric  acid  and  then  washed  in  water,  after  whicl:»" 
it  is  again  dipped  in  a  vat  containing  a  heated  solution  of  lime,  to  neu — 
tralize  any  small  amount  of  acid  not  removed  by  the  washing  in  wateiv 
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The  chief  waste  from  this  process  is  sulphate  of  iron,  which  at  many 
works  is  allowed  to  pass  directly  into  streams,  although  not  all  of  it  is 
thus  allowed  to  go  to  waste,  as  a  number  of  the  large  rolling  mills  of 
the  country  have  appliances  for  saving  the  sulphate  of  iron ;  as,  for 
instance,  the  Cleveland  Rolling  Mill,  at  Cleveland,  Ohio;  the  Ferric 
Chemical  and  Color  Works,  at  Worcester,  Massachusetts;  and  the 
Washburn  &  Moen  Wire  Works,  also  at  Worcester.  A  large  propor- 
tion of  the  crude  sulphate  of  iron  of  commerce  consumed  in  the  United 
States  is  produced  at  these  several  works. 

The  waste  products  from  paper  manufacturing  are  both  organic  and 
inorganic  in  character.  In  mills  using  jute,  gunny  sacking  and  old 
rope,  and  other  similar  substances  as  the  raw  material,  the  organic 
wastes  of  the  wash  water  may  become  a  very  serious  source  of  jwllution 
if  discharged  into  small  streams  or  if  a  considerable  number  of  mills 
all  discharge  their  wastes  into  a  stream  of  considerable  size.  Caustic 
soda  and  lime  are  used  for  cleansing  rags  in  places  where  rags  are  the 
raw  material  of  paper  manufacture.  These  wastes  are  usually  allowed 
to  pass  into  the  stream.  In  mills  using  sulphite  and  wood  pulps  the 
wastes  from  the  wash  waters  generally  contain  a  considerable  amount 
of  objectionable  substances,  the  bleaching  process  also  requiring  a 
considerable  amount  of  chloride  of  lime,  which,  in  this  country  at  any 
rate,  usually  passes  into  the  streams  without  treatment.  The  bleach- 
ing wastes  are  especially  injurious  to  fish. 

In  a  woolen  manufactory  the  most  serious  wastes  are  those  derived 
from  the  washing  of  the  wool;  constituting,  as  it  does,  chiefly  organic 
material,  it  may  be  considered  one  of  the  most  objectionable  organic 
wastes.  The  raw  wool  of  the  ordinary  grades,  as  it  comes  to  the 
manufactory,  contains  a  third  or  more  by  weight  of  organic  matter; 
this  is  ordinary  washed  wool.  Unwashed  fine  wools  may  contain  as 
much  as  50  to  60  per  cent  of  organic  matter,  which  is  removed  chiefly 
by  scouring  in  alkaline  solutions  of  soda,  although  in  some  mills 
urine  is  used  in  this  process,  as  it  is  believed  to  give  a  softer  finish  to 
the  manufactured  article  than  can  be  obtained  by  the  use  of  ordinary 
alkalies. 

The  woolen  mills  also  furnish  a  large  amount  of  dye  waste,  such  as 
extracts  of  logwood,  fustic,  camwood,  madder,  etc.,  which  are  used 
in  different  methods  of  dyeing  with  various  mordants,  such  as  cop- 
peras, crude  cream  of  tartar,  bichromate  of  potash,  alum,  blue  vitriol, 
and  muriate  of  tin.  After  treatment  in  the  dyeing  vat,  the  wool  is 
washed  in  running  wat^r  and,  usually,  the  contents  of  the  vat  are 
turned  into  the  nearest  stream.  It  is  waste  material  of  this  sort  that 
causes  the  chief  complaints  as  to  discoloration  of  streams  by  dye 
wastes.  A  certain  amount  of  oil  is  also  used  in  woolen  manufacture, 
and  more  or  less  waste  therefrom  passes  into  the  stream. 

In  manufacturing  cotton  goods  the  wastes  are  both  organic  and 
mineral,  the  former  being  the  more  serious.     In  the  manufacture  of 
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ginghams  the  following  chemicals  are  commonly  used:  Sulphuric 
acid,  nitric  acid,  muriatic  acid,  chloride  of  lime,  sal  soda,  soda  ash, 
bichromate  of  potash,  alum,  copperas,  blue  vitriol,  lime,  i)earlash, 
stannate  of  soda,  sugar  of  lead,  indigo,  cutch,  sumac,  alkali,  soda,  and 
the  various  aniline  colors  and  dyes.  Of  the  mineral  matters,  the  most 
important  are  lime,  chloride  of  lime,  and  bichromate  of  potash;  of  the 
organic  dyestuffs,  logwood.  The  waste  from  these  various  substances 
is  usually  allowed  to  pass  without  treatment  into  the  streams. 

In  silk  manufactures  the  raw  silk  as  received  is  covered  with  a 
gummy  substance  which  it  is  necessary  to  remove  in  order  that  the 
silk  may  possess  the  proper  degree  of  pliableness.  This  silk  gum, 
which  is  called  sericine,  constitutes  from  20  to  25  per  cent  of  raw  silk 
and  is  mostly  soluble  in  water.  It  is  removed  either  by  maceration  or 
by  scouring  in  a  weak  solution  of  soda.  The  refuse  from  these  proc- 
esses is  usually  turned  into  streams.  The  further  processes  of  silk 
manufacture,  as  related  to  stream  pollution,  are  those  of  dyeing,  which 
are  only  of  secondary  importance.  It  is  stated  that  there  is  less  waste 
of  dyestuff  from  silk  mills  than  from  miUs  manufacturing  other  kinds 
of  fabrics. 

In  considering  the  effect  of  stream  pollution  we  should  bear  m  mind 
that  all  streams  have  some  self -purifying  power.  Nature  has  pro- 
vided in  soils  a  natural  agent  for  the  innocuous  resolution  of  organic 
matter  into  its  simple  constituent  elements.  The  agent  of  nitrifica- 
tion exists  in  soils  in  vast  quantities,  and  we  may  draw  the  conclusion 
that  every  rain  washes  these  purifjdng  agents  into  streams,  where 
their  work  of  destroying  organic  matter  is  continually  going  on, 
although  not  with  the  same  degree  of  rapidity  as  in  soils.  One  indis- 
pensable condition  of  the  efficient  action  of  the  nitrifying  agent  is  the 
presence  of  an  adequate  supply  of  oxygen.  All  natural  waters  con- 
tain more  or  less  oxygen  in  solution,  but  unfortunately  the  stock  is 
not  large  enough  to  admit  of  rapid  action  of  the  nitrifying  agent. 
Hence  it  follows  that,  while  it  is  true  that  the  process  of  nitrification 
goes  on  in  natural  waters  as  in  soils,  it  is  also  equally  true  that  it 
proceeds  much  less  rapidly  there  than  in  soils,  with  the  result  that  a 
natural  water  is  more  easily  overburdened  with  work  of  this  character 
than  a  natural  soil.  This  fact  leads  to  the  conclusion  that  soil  is 
really  the  natural  element  in  which  to  resolve  objectionable  organic 
matter  into  its  simple,  elementary  forms,  rather  than  water.  Natu- 
ral waters  should  be  called  upon  to  perform  this  duty  only  when  no 
other  means  are  available,  it  being  remembered  always  that  it  is  easy 
to  overburden  the  purifying  power  of  water  in  this  direction. 

It  is  still  true  that  a  stream  may  exert  considerable  self-purifyiug 
power,  provided  it  is  given  time  enough.  This  view  is  enforced  by 
considering  that  in  addition  to  the  presence  in  our  natural  waters 
of  the  agent  of  nitrification  there  are  also  present  certain  classes  of 
minute  life  which  feed  upon  extraneous  organic  matter  and  which 


]  VALUE   OF   SEWAGE.  23 

without  doubt  resolve  a  considerable  portion  of  it  through  the  opera- 
tions of  the  life  process.  The  Entomostraca,  Rotifera,  and  Infusoria 
are  the  principal  agents  assisting  in  such  reduction.  Of  these  the 
Entomostraca  are  probably  the  most  important.  This  branch  of  our 
subject  leads  to  biological  studies  of  great  interest  and  importance, 
but  which  for  lack  of  space  can  not  be  more  than  referred  to  in  this 
place*' 

VALUE  OF  SEWAGE. 

From  an  agricultural  point  of  view  the  nitrogen,  phosphoric  acid, 
and  potash  are  the  most  useful  ingredients  of  sewage,  and  accordingly 
it  becomes  of  interest  to  establish  the  quantity  of  these  three  elements 
which  may  be  found  in  ordinary  sewage.     Taking  that  of  about  aver- 
age composition,^  a  net  ton  may  be  expected  to  contain  nitrogen  to 
the  amount  of  from  0.15  to  0.25  x>ounds;  phosphoric  acid,  from  0.045 
to  0.065  pounds;  and  potash,  from  0.025  to  0.040  pounds.     With  nitro- 
gen at  17  cents  per  pound,  phosphoric  acid  at  7  cents,  and  potash  at 
5  cents,  the  theoretical  value  of  the  fertilizing  ingredients  of  such  a 
sewage  would  be,  per  net  ton,  from  about  3.5  cents  to  4.5  or  5  cents. 
Taking  into  account,  however,  the  various  losses  of  the  nitrogen, 
which  is  not  only  the  most  valuable  but  also  the  least  stable  element, 
as  well  as  the  expense  of  distribution,  we  may  conclude  that  the 
manurial  constituents  of  sewage  have  an  actual  value,  when  applied 
to  good  advantage  in  agricultural  utilization,  of  from  1  to  2  cents  or 
perhaps  3  cents  per  ton.     We  should  note  that  this  is  the  manurial 
value  only. 

Independent  of  the  manure,  the  water  of  sewage  has  also  a  distinct 
value  for  irrigation.  But  by  reason  of  the  variation  in  local  condi- 
tions, it  is  impossible  to  make  any  general  statement  of  value  which 
will  apply  to  all  cases,  although  in  a  general  way  we  may  say,  taking 
into  account  the  manurial  constituents  as  well  as  the  irrigation  value 
of  the  water,  that  sewage,  when  applied  to  land  at  the  best  advantage, 
may  be  considered,  with  the  present  understanding  of  things,  as 
worth  from  2  to  4  cents  per  net  ton.  In  some  cases,  by  reason  of  its 
value  for  irrigation,  it  may  be  worth  several  times  these  figures. 

We  learn,  then,  that  the  irrigation  value  of  sewage  may  be  quite  as 
iDiportant  as  the  distinctively  manurial  value,  and  it  is  believed  that 
the  recognition  of  this  factor  has  placed  sewage  utilization  on  a  some- 
what different  plane  from  that  formerly  occupied.  In  order  to  illus- 
trate this  i)oint  let  us  consider  the  matter  briefly  from  an  historical 
point  of  view. 
When  sewage  disposal  as  a  necessary  concomitant  of  the  sewerage 

'  For  an  extended  presentation  of  this  phase  of  the  subject  see  discussion,  by  the  author,  of  Dr. 
Ckvles  G.  Currier  *8  paper  on  Self  .purification  of  fiowing  water  and  the  influence  of  poUuteei 
*«ter  in  the  causation  of  disease:  Trans.  Am.  Soc.  Civil  Eng.,  Vol.  XXTV,  p.  70. 

*8ee  extended  tabulations  from  WolfT  and  Lehmann  in  the  first  report  of  the  Rivers  PoUutlou 
(^(>nuni88ion,  p.  27.    Also  see  Storer's  Agriculture,  Vol.  II,  p.  70. 
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of  cities  first  grew  up  in  England  very  extravagant  \news  were  enter- 
tained as  to  the  commercial  benefits  to  be  derived  from  sewage  util- 
ization. Many  hundred  patents  were  taken  out,  mostly,  however,  on 
chemical  processes,  and  large  investments  of  capital  were  made,  which 
have  generally  proved  failures.  Following  these  failures  there  was  a 
reaction,  during  the  prevalence  of  which  it  was  held  that  sewage  could 
not  be  utilized  at  a  profit.  When  we  examine  the  whole  matt^jr  prac- 
tically we  find  that  the  failure,  in  a  commercial  way,  largely  pertained 
to  the  chemical  processes,  although  it  should  not  be  overlooked  that 
many  of  the  early  sewage  farms,  by  reason  of  poor  management, 
unnecessarily  expensive  first  cost,  and  other  causes,  have  never  been 
financially  successful.  We  shall  also  see,  farther  on,  that  the  best 
method  of  managing  such  farms  has  only  recently  been  understood, 
which  may  be  given  as  another  reason  why  many  of  the  early  farms 
have  not  been  financially  successful.  The  net  result  of  all  this  has 
been  that  many  experienced  engineers,  sanitarians,  and  agriculturists 
have  held  that  it  was  impossible  to  utilize  sewage  at  a  profit. 

There  is,  however,  another  phase  of  the  question.  The  main  object 
of  sewage  purification  is  to  keep  streams  pure  and  to  preserve  the 
health  of  the  citizens  of  our  cities  and  of  the  surrounding  country. 
It  has  therefore  been  held,  and  very  properly,  that  the  real  object  of 
sewage  treatment  is  purification  and  not  utilization,  and  that  utiliza- 
tion, by  introducing  commercial  considerations,  will  inevitably  tend 
to  lower  the  degree  of  purification.  It  has  been  held,  in  short,  that 
sewage  purification  is  a  right  which  one  community  or  individual 
owes  to  another,  independent  of  any  question  of  commercial  profit. 
And  while  this  proposition  is  undoubtedly  true,  it  is  believed  that, 
with  proper  understanding  of  all  the  elements  of  the  problem,  a  satis- 
factory utilization  may  be  also  attained  without  lowering  the  standard 
of  purification. 

On  this  point  the  author's  views  have  undergone  some  modificatioi 
since  he  examined  in  detail  a  number  of  European  sewage  farms  ii 
the  fall  of  1894.     Previous  to  that  time  he  was  disposed  to  believ 
that  sewage  disposal  should  be  placed  entirely  on  the  broad  plane 
purification  rather  than  on  that  of  utilization.     At  the  present  ti 
he  believes,  as  the  result  of  seeing  what  is  being  done  on  the  \>* 
sewage  farms  of  England,  Germany,  and  France,  that  the  agricultn 
value  of  sewage  may  be  fairly  utilized,  and  still  a  high  degree  of  pi 
fication  attained. 

Since  the  first  development  of  sewage  utilization  in  England 
trade  in  commercial  fertilizers  has  also  greatly  extended,  and  mj 
writers  have  taken  the  ground  that  at  the  prevailing  prices  of  c( 
mercial  fertilizers  agricultural  lands  can  be  manured  more  chea J^' 
l)y  their  use  than  by  the  use  of  raw  sewage.^    In  regions  where  t:« 
distribution  of  the  rainfall  is  such  as  to  fairly  meet  the  necessities  o^^ 


» See  Agriculture  in  some  of  its  Relations  with  Chemistry,  by  F.  H.  Storer,  VoL  II,  on 
point. 
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agriculture  this  is  probably  true,  but  it  is  believed,  with  the  present 
experience,  that  in  any  region  where  the  distribution  of  the  rainfall 
is  such  that  periods  of  drought  are  likely  to  occur  at  the  critical 
period  of  growing  crops,  provided  sewage  can  be  delivered  upon  agri- 
cultural lands  by  gravity,  or  even  by  a  moderate  pumping  lift,  a  com- 
mercial saving  will  be  effected,  due  to  the  irrigation  value  of  the 
sewage,  over  any  gain  that  can  possibly  be  obtained  by  the  use  of 
commercial  fertilizers  alone.  If  pumping  is  required,  its  cost  may, 
of  course,  enter  in  as  a  modifying  element.  At  any  rate  the  author 
wishes  to  place  this  thought  before  the  scientific  farmers  of  the 
United  States  as  one  well  worthy  of  their  most  careful  consideration. 
He  desires  further  to  say  that  from  the  experience  gained  in  other 
countries,  as  well  as  our  own,  he  believes  that  frequently  lands  in  the 
immediate  vicinity  of  our  cities  and  towns  can  be  improved  in  pro- 
ductiveness more  by  the  general  application  of  sewage  irrigation  than 
by  any  other  method  at  present  open  to  our  farmers. 

It  should  be  remembered,  however,  that  the  quality  of  soils  will 

enter  into  the  final  solution  of  the  problem.     Those  best  suited  for 

sewage  irrigation  are  open,  porous,  gravelly  soils,  while  heavy  clay 

soils  may  demand  so  great  an  expense  of  preparation  as  to  render 

sewage  utilization,  except  in  special  cases,  practically  impossible.     As 

already  hinted,  each  location  presents  its  own  special  problem,  which, 

to  some  extent,  will  demand  its  own  special  solution  independent  of 

all  other  cases.     It  can  not  be  too  strongly  insisted,  therefore,  that 

each  case  must  be  studied  by  itself  on  its  own  merits;  hence  the 

foregoing  statements  are  to  be  taken  as  general  statements  rather 

thau  universally  true  propositions. 

METHODS  OF  SEWAGE  DISPOSAL. 

As  the  result  of  a  large  amount  of  experience  gained  abroad,  sew- 
age disposal  or  purification  has  resolved  itself  into  three  general 
niethods,  which  are  known  as  (1)  chemical  precipitation,  (2)  intermit- 
tent filtration,  and  (3)  broad  irrigation.     In  the  present  paper  we  are 
liot  specially  concerned  with  chemical  treatment,  except  as  at  times 
^n adjunct  of  irrigation;  nor  are  we  concerned  with  intermittent  fil- 
"t ration,  except  so  far  as  it  may  be  considered  an  adjunct  of  irrigation. 
t'or  completion  of  the  subject,  however,  we  may  briefly  describe  the 
X^rocess  of  treatment  known  as  chemical  precipitation.* 

CHEMICAL  PRECIPITATION. 

In  this  process  the  sewage  is  allowed  to  flow  into  large  tanks,  in 

^^hich  it  is  dosed  with  certain  chemicals;  these  form  with  the  organic 

^nstituents  an  insoluble  precipitate,  which  in  its  descent  to  the  bot- 

^m  of  the  tank  may,  under  favorable  circumstances,  carry  down  with 

'  More  complete  descriptions  may  be  found  in  the  several  standard  treatises  recently  issued, 
^,  for  instance.  Crimp's  Sewage  Disposal,  Wardle's  Sewage  Treatment  and  Disposal,  and  Rafter 
«Dd  Baker's  Sewage  Disposal  in  the  United  States. 
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it  the  suspended  matter  of  the  sewage  as  well  as  a  portion  of  tlie 
dissolveti.  To  apply  this  treatment  on  a  largo  scale,  extensive  works 
with  a  large  number  of  tanks,  together  with  machines  forgrindixig 
and  mixing  tlie  chemicals,  as  well  as  special  mechanical  arrangements 
for  mixing  the  chemicals  and  aewage  and  caring  for  the  sltidge,  are 
required,  the  whole  including  what  is  commonly  called  the  chemioAl 
treatment  of  sewage,  although  the  complete  process  is  in  reality  partly 
chemical  and  partly  mechanical. 

The  reagents  now  generally  used  are  common  lime,  sulphate  of 
alumina,  and  ferrous  sulphite.  These  reagents  are  used  either  smgiy 
or  in  combination,  as  may  be  required  to  fit  the  case  of  each  partic;»J' 
lar  sewage  undergoing  treatment.  The  action  of  the  reagents  iu  pr<^ 
ducing  a  precipitation  of  the  organic  matter  is  not  fully  understot**'' 
although  in  a  general  way  we  may  say  that  when  lime  is  used  the** 


.—Mystic  VmUsj  CbemicdPnrlflcatim  Worka,  ahowliiKilaOge  bed*  and  eOaeat 


is  a  combination  of  some  of  the  lime  with  free  carbonic  acid  gas  t  ^ 
form  an  insoluble  carbonate  of  lime;  also,  probably,  an  additionEr^^ 
part,  of  the  lime  combines  with  a  certain  portion  of  the  organic  ma  -*; 
ters  in  solution  to  form  an  insoluble  precipitate,  which  in  its  jonrnenj, ;; 
to  the  bottom  carries  down  with  it  any  portion  of  the  suspended  m;^^  -« 
tera  which  have  not  entered  into  combination.  The  matter  settlitL^^j 
to  the  bottom  is  called  sludge. 

When  sulphate  of  alumina  is  used,  the  precipitating  effect  is  ei>  ^ki- 
sidered  as  due  to  a  combination  of  the  sulphuric  aeid  of  the  salph%-  '*>« 
of  alumina  with  lime  and  other  mineral  bases  existing  naturally  ^  ^ 
the  sewage.  A  flocculent  alumina  hydrate  is  also  formed,  which  "»  ^ 
conjunction  with  the  mineral  precipitate  further  entangles  and  carrl  ^3*5 
down  any  suspended  organic  matter.  At  the  present  time,  as  a  ge<  »^" 
eral  statement,  we  may  say  that  a  combination  treatment  of  lime  ftC»<3 
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Bixlphate  of  alumina  is  preferable  for  ordinary  sewage  to  the  use  of 
eitlier  of  them  alone,  although  the  composition  of  the  sewage  should 
be  taken  into  account  in  deciding. 

In  the  case  of  ferrous  sulphate,  in  order  to  secure  a  precipitating 
action  it  is  necessary  either  that  the  sewage  be  naturally  alkaline  or, 
if  not  naturally  so,  that  an  alkali  be  artificially  added.  The  result  of 
tliis  treatment  is  the  formation  of  a  flocculent  hydrated  oxide  which 
carries  down  with  it  the  suspended  organic  matter  as  well  as  a  portion 
of  the  dissolved. 

In  order  to  insure  the  best  results  in  chemical  treatment  the  sewage 
should  be  treated  while  fresh  and  the  chemicals  added  to  the  flowing 
sewage,  in  order  that  they  may  become  fairly  incorporated  before  it 
passes  into  the  settling  tanks.     There  should  also  be  enough  tank 
space  to  insure  a  thorough  precipitation.     Inasmuch  as  the  sludge 
must  be  frequently  removed  from  the  bottom  of  the  tanks,  the  mechan- 
ical arrangements  should  be  such  as  to  permit  of  its  removal  without 
interruption  of  the  works. 

Methods  of  chemical  treatment  may  be  classified  as  (1)  intermittent 

treatment  in  shallow  tanks  from  5  to  8  feet  deep,  in  which,  after  the 

addition  and  incorporation  of  the  chemicals,  the  sewage  is  allowed  to 

remain  undisturbed  until  the  completion  of  the  process,  when  the 

clarified  liquid  is  drawn  off  the  top,  leaving  the  sludge  at  the  bottom ; 

(2)  continuous  treatment  in  a  similar  series  of  tanks  through  which, 

after  the  addition  and  incorporation  of  the  reagents,  the  sewage  is 

allowed  to  flow  slowly,  crude  sewage  with  freshly  added  chemicals 

passing  in  at  one  end  and  purifled  effluent  passing  out  at  the  other; 

J^^  (3)  vertical  tanks  through  which,  after  the  addition  of  the  chem- 

^^s,  the  sewage  rises  slowly.     At  the  present  time  the  continuous 

^J^tment,  in  which  crude  sewage  with  freshly  added  chemicals  passes 

^to  one  end  and  purified  effluent  passes  out  at  the  other  continuously, 

^®  Considered,  as  the  result  of  experience,  to  be  the  preferable  method 

^^  applying  the  chemical  treatment. 

As  to  the  tank  capacity  required,  we  may  say  that  in  systems  which 

**^  arranged  with  reference  to  receiving  a  portion  of  the  rainfall  the 

^ily  capacity  should  be  nearly  50  per  cent  of  the  average  daily  flow, 

^^  allowance  of  this  kind  giving  some  leeway  for  contingencies  when 

l^^nired.     With  the  sewage  from  separate  systems  of  sewers  less 

^^xray  will  be  required. 

Various  methods  of  disposing  of  sludge  have  been  used.     One  is  to 

-^^^tnp  it  into  basins,  from  which  it  is  subsequently  conveyed  to  adja- 

r^^t  areas  for  utilization  as  fertilizer.     It  is  also  frequently  deposited 

^^  large  oi)en  basins  surrounded  by  embankments,  from  which,  after 

^^  larger  portion  of  the  water  has  drained  away,  it  is  removed  either 

r?^  use  as  a  fertilizer  or  to  some  other  point  for  filling  in  low  land,  etc. 

^^e  liquid  sludge  is  also  sometimes  run  directly  onto  agricultural 

^^"^as,  where  it  is  easily  disposed  of  by  plowing  in.     It  may  also  be 

^^xed  with  combustibles  and  disposed  of  by  burning.     In  some  cases 
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it  has  been  used  to  form  compost  heaps  by  mixing  with  earth,  rub- 
bish, vegetable  mold,  gypsum,  stable  manure,  leaves,  or  other  suitable 
materials.  When  disposal  works  are  situated  near  tide  water,  the 
sludge  may  be  disposed  of  by  running  it  into  dumping  scows,  which 
convey  it  to  deep  water  for  dumping.  It  may  also  be  burned  in  a 
furnace  similar  to  the  garbage  destructor,  but  for  this  purpose  it 
requires  partial  desiccation  before  treatment.  On  the  whole,  the  most 
practicable  way  of  treatment  is  to  compress  it  into  solid  cakes  by  the 
use  of  a  filter  press.  In  this  form  it  is  entirely  innocuous,  and  may 
be  stored,  handled,  or  conveniently  transported  for  use,  either  as  a 
fertilizer  or  for  filling  in  low  lands  or  for  other  purposes.  The  liquid 
sludge,  as  it  ordinarily  comes  from  the  settling  tanks,  contains  from 
90  to  95  per  cent  water  and  from  5  to  10  per  cent  solid  matter. 

The  mixing  of  the  chemicals  with  the  sewage  is  effected  either  by 
the  use  of  baffle  boards  in  the  conduit  leading  to  the  tanks,  or,  where 
this  is  impracticable,  by  the  use  of  mixing  wheels.  As  the  problem 
is  merely  one  of  thorough  mixing,  it  is  unnecessary  to  discuss  it  at 
length.     Usually  very  simple  mechanical  appliances  are  sufficient. 

At  the  present  time  lime  containing  from  65  to  75  per  cent  available 
calcic  oxide  can  be  purchased  in  the  eastern  part  of  the  United  States 
at  from  $8  to  $9  per  net  ton;  ferrous  sulphate  or  copperas  containing 
26  per  cent  of  ferrous  oxide  can  be  bought  at  about  $15  per  net  ton, 
and  sulphate  of  alumina,  containing  14  per  cent  of  alumina,  at  about 
$25  per  net  ton.  The  exact  price  of  these  reagents  of  course  varies 
in  different  localities  as  well  as  with  the  quality  of  the  reagent  itself. 

In  1889  Mr.  Allen  Hazen,  at  that  time  chemist  in  charge  at  the  Law- 
rence experiment  station  of  the  Massachusetts  State  Board  of  Health, 
carried  out  a  very  elaborate  series  of  experiments  on  the  chemical 
treatment  of  sewage.  The  details  of  these  experiments  may  be  found 
in  the  twenty-first  annual  report  of  that  board,  to  which,  inasmuch 
as  we  are  not  concerned  other  than  generally  with  chemical  treatment 
of  sewage,  the  reader  is  referred  for  a  more  extended  account.  We 
may,  however,  refer  to  the  following  statement  of  costs  per  capita  in 
comparison  with  degree  of  purification  obtained,  as  given  by  Mr. 
Uazen. 

Taking  the  percentage  of  albuminoid  ammonia  removea  to  repre- 
sent organic  matter,  the  experiments  on  chemical  precipitation  show 
that  in  addition  to  all  suspended  matter  the  following  amounts  of 
soluble  organic  matter  may  be  removed : 

Per  cent. 

With  lime,  coeting  30  cents  per  inhabitant  annually 23 

With  copperas  and  lime,  costing  30  cents  annually _ 29 

With  aluminium  sulphate,  costing  30  cents  annually 20 

With  aluminium  sulphate,  costing  40  cents  annually 29 

With  hme,  costing  27  cents  annually 30 

With  copperas  and  lime,  costing  20  cents  annually 13 

With  copperas  and  lime,  costing  31  cents  annually 39 

With  aluminium  sulphate,  costing  23  cents  annually 10 

With  aluminium  sulphate  costing  45  cents  annually 47 
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By  way  of  disposing  in  this  place  of  the  question  of  relative  degree 
of  purification  attained  by  the  different  processes,  it  may  be  remarked 
that  there  is  now  a  vast  body  of  information — not  only  special  exper- 
imentation like  that  at  Lawrence,  but  results  obtained  in  actual  prac- 
tice— ^all  showing  that  land-treatment  methods,  when  properly  oper- 
ated, easily  remove  all  the  suspended  organic  matter  of  sewage  as 
well  as  from  95  to  99.5  per  cent  of  the  dissolved  matter.  As  a  problem 
of  efficient  purification,  therefore,  the  superior  efficacy  of  the  land 
treatments  may  be  conceded  without  further  discussion. 

INTERMITTENT  FILTRATION. 

In  1868  a  commission,  consisting  of  Sir  William  Thomas  Denison, 
Edward  Frankland,  and  John  Chalmers  Morton,  was  appointed  to 
inquire  how  far  the  use  of  rivers  or  running  waters  in  England  for  car- 
rying off  the  sewage  of  towns  and  the  refuse  of  manufacturing  proc- 
esses could  be  prevented  without  risk  to  the  public  health  or  injury 
to  such  processes  in  manufactures,  and  also  how  far  such  sewage 
and  refuse  could  be  utilized  and  got  rid  of  otherwise  than  by  dis- 
charge into  rivers  or  running  waters,  or  rendered  harmless  before 
reaching  them.  The  commission  was  further  charged  with  an  inquiry 
into  the  effect  on  the  drainage  of  lands  and  inhabited  places  of 
obstruction  to  the  natural  flow  of  rivers  or  streams  as  caused  by  mills, 
weirs,  locks,  and  other  hydraulic  works,  and  into  the  best  means  of 
remedying  any  evils  thence  arising.  The  commission  so  appointed 
is  commonly  known  as  the  Rivers  Pollution  Commission,  although  it 
was  in  reality  the  second  of  this  name.*  Dr.  Edward  Frankland,  the 
chemist  member  of  this  commission,  was  at  that  time  by  far  the  ablest 
chemist  in  England,  and  the  vast  amount  of  original  chemical  inves- 
tigation given  in  the  commission's  six  reports  is  a  monument  to  his 
genius  for  sanitary  chemistry  and  to  his  capacity  for  work. 

In  the  first  report,  issued  in  1870,  the  commissioners  discuss  various 
experiments  on  filtration  which  had  been  carried  out  under  the  direc- 
tion of  Dr.  Frankland.  Among  others,  the  statement  is  made  that 
the  practice  of  filtration  of  sewage  through  sand,  gravel,  clay,  or  cer- 
tain kinds  of  soil,  if  properly  carried  out,  is  the  most  effective  method 
for  the  purification  of  sewage  to  which  reference  had  at  that  time 
been  made.  A  series  of  experiments  on  soil  of  various  character  is 
also  discussed  in  detail,  from  which  it  is  concluded  that  the  process 
of  purification  through  soil  is  essentially  one  of  oxidation,  the  organic 
matter  being  to  a  large  extent  converted  into  carbonic  acid,  water, 
and  nitric  acid. 

As  one  of  the  necessary  conditions  of  intermittent  filtration,  it  is 
also  shown  that  a  continuous  aeration  of  the  filtering  medium  must 
^  secured.  In  discussing  this  phase  of  the  subject  the  commission- 
ers point  out  that  the  inability  to  continually  aerate  the  filtering 

1  See  footnote  on  page  19. 
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medium  is  a  chief  reason  why  purification  of  sewage  by  upward  filtra- 
tion will  necessarily  be  less  effective  than  by  the  opposite  or  downward 
filtration;  hence  the  name  "intermittent  downward  filtration,"  as 
originally  attached  to  this  process.  The  theory  is  discussed  in  too 
much  detail  in  the  report  in  question  to  admit  of  more  than  casual 
mention  here.  As  the  result  of  the  commission's  work  on  this  line,  it 
was  concluded  that  a  new  method  of  sewage  purification  had  been 
brought  out.  On  this  point  the  commissioners  remark  in  their  sum- 
mary that  towns  and  manufacturers  have  the  means  of  rendering  the 
organic  impurities  dissolved  in  their  waste  waters  so  far  harmless  by 
slowly  passing  them  through  well-aerated  filter  beds  as  to  admit  of 
their  being  again  useful  for  manufacturing  purposes. 

The  experiments  carried  out  in  the  commission's  laboratory  showed 
that  a  properly  conducted  system  of  intermittent  filtration  would 
cleanse  town  sewage  sufficiently  to  enable  it  to  be  used  for  all  but 
domestic  purposes.  The  result  of  the  treatment  is  a  true  oxidation, 
and  consequently  an  entire  transformation  of  nearly  the  whole  of  the 
organic  matter  in  the  sewage.  From  the  remedial  point  of  view  the 
new  treatment  was  therefore  considered  successful.  But  the  commis- 
sion remarks  that,  since  sewage  x>ossesses  high  agricultural  value, 
this  method  of  treatment,  if  universally  adopted,  would  be  very  waste- 
ful, and  is  therefore  only  to  be  recommended  on  a  small  scale  or  where 
circumstances  render  any  other  process,  such  as  sewage  irrigation, 
difficult  or  expensive.  The  commission,  however,  believed  that  the 
operation  of  sewage  purification  by  intermittent  filtration  could  be 
conducted  without  serious  nuisance. 

While  the  commission  thus  announces  a  new  and  valuable  discov- 
ery in  sewage  purification,  still  it  expresses  in  the  final  summary  the 
opinion  that  in  all  practicable  cases  broad  irrigation  should  be  used  in 
preference  to  intermittent  filtration,  because,  when  irrigation  is  care- 
fully and  pi-operly  conducted,  not  only  is  sewage  rendered  inoffensive, 
but  some  return  of  profit  may  be  derived  from  its  employment.  In 
the  commissioners'  opinion  all  the  experiments  made  to  that  date  went 
to  show  that  sewage  can  be  most  beneficially  employed  as  a  manure, 
and  that  it  is  thus  also  most  perfectly  cleansed. 

The  Rivers  Pollution  Commission,  while  originating  intermittent 
downward  filtration  and  strongly  recommending  its  use  under  proper 
conditions,  still,  rather  singularly,  did  not  propose  a  complete  defi- 
nition of  it  as  a  process  of  sewage  purification.  In  1882  a  commissioni 
was  issued  to  George  William  Wilshere,  the  Baron  Bramwell,  Sir  John 
Coode,  and  others  to  inquire  and  report  upon  the  system  under  which 
sewage  is  discharged  into  the  River  Thames  by  the  Metropolitan  Board 
of  Works,  and  whether  any  evil  effects  resulted  therefrom;  and  if  so, 


iMetrox>olitan  Sewage  Discharge,  Report  of  Royal  Commissioners,  4  voltunes  of  reports,  min- 
utes of  evidence,  appendices,  etc.,  4«»,  London,  1884-85.  Presents  every  phase  of  the  question  of 
disposal  of  sewage  of  London  as  it  existed  twelve  years  ago. 
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it  measures  could  be  applied  for  remedying  the  same.  This  com- 
.sion  is  known  as  the  Royal  Commission  on  Metropolitan  Sewage 
charge.  In  its  second  report  we  find  a  definition  of  the  dififerenoe 
ween  broad  irrigation  and  intermittent  filtration,  in  the  following 
aas:  Broad  irrigation  means  the  distribution  of  sewage  over  a  large 
face  of  ordinary  agricultural  ground,  having  in  view  the  maximum 
vrth  of  vegetation  (consistent  with  due  purification)  for  the  kind 
sewage  supplied.  Filtration  means  the  concentration  of  sewage 
short  inter\'a!s  on  an  area  of  specially  chosen  porous  ground  as 
ill  as  will  absorb  and  cleanse  it,  not  excluding  vegetation,  but  mak- 
the  produce  of  secondary  importance.  The  intermittency  of  appli- 
ion  is  a  sine  qua  non,  even  in  suitably  constituted  soils,  wherever 
)[)lete  success  is  aimed  at. 
is  to  the  value  of  intermittent  filtration,  the  Royal  Commission  on 
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'tropolitan  Sewage  Dischai^e  states  that,  in  its  opinion,  the  process 
s  great  scientific  merit  and  affords  valuable  practical  advantages 
'  the  disposal  of  sewage  in  situations  where  broad  irrigation  is 
practicable  and  where  land  suitable  for  filtration  can  be  obtained, 
however,  there  should  be  a  difficulty  in  obtaining  sufficient  area 
land,  the  commission  is  of  the  opinion  that,  before  applying  it  to 
>d,  sewage  should  be  preWously  treated  by  some  efficient  process 
■  removing  the  sludge.  The  recent  studies  of  intermittent  filtration 
the  Massachusetts  State  Board  of  Health  have  greatly  advanced 
r  knowledge  of  the  true  theory  of  intermittent  filtration,  although, 
*e  have  seen,  the  broad  lines  were  well  established  by  the  Rivers 
dlution  Commission  in  its  first  report.,  issued  in  1870. 
Taking  into  account  the  present  views,  we  may  define  intermittent 
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filtration  as  a  natural  process  of  biologically  reducing  the  nitrogen 
of  complex,  nitrogenous,  organic  matter  to  the  simple  forms  of  min- 
eral nitrates  and,  probably,  free  nitrogen,  the  reducing  action  being 
due  to  two  minute  bacilli  known  as  the  nitrous  and  nitric  organisms 
or  ferments.  The  immediate  result  of  the  work  of  the  nitrous  organ- 
ism is  to  convert  ammonia  into  nitrite,  while  the  nitric  organism  con- 
verts nitrite  or  nitrous  acid  into  nitric  acid,  which,  uniting  with 
mineral  bases,  immediately  forms  mineral  nitrates.  The  organisms 
producing  these  changes  exist  naturally  in  soils,  and  when  specially 
prepared  areas  are  properly  treated  develop  in  the  interstices  in  vast 
quantities. 

NITRIFYINO  FERMENTS. 

No  more  fascinating  chapter  of  science  can  be  found  than  that 
pertaining  to  the  development  of  our  present  knowledge  of  the  real 
office  of  the  nitrifying  ferments.  For  many  years  the  subject  has 
been  one  of  prolonged  study  by  a  number  of  the  leading  chemists  and 
biologists  of  the  age.  Among  these  may  be  mentioned  Schwann, 
Schultze,  Pasteur,  Schloesing,  Muntz,  Heraeus,  P.  F.  Frankland, 
Warington,  Winogradsky,  and  the  biologists  of  the  Massachusetts 
State  Board  of  Health,  working  under  the  direction  of  Professor 
Sedgwick  in  that  board's  laboratory  at  Boston.     Beginning  with  the 
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work  of  Schwann  and  Schultze,  as  early  as  1839,  and  ending  with  the 
work  of  Warington,  Winogradsky,  and  the  biologists  of  the  Massa- 
chusetts board,  we  find  a  progressive  advance  from  a  knowledge,  as 
the  first  step,  that  the  decomposition  of  nitrogenous  matter  is  due 
solely  to  the  small  vegetable  organisms  known  as  bacteria,  to  the 
final  demonstration  that  the  production  of  nitric  acid  is  also  due  to  d 
similar  class  of  organisms.  The  complete  account  of  the  failures  and 
successes  encounterefl  in  the  successive  steps  of  the  study  is  one  of 
the  romances  of  modern  biology. 

Without  going  into  details,  we  will  refer  to  two  papers  by  Mr.  War- 
ington, one  before  the  English  Society  of  Arts,  as  published  in  that 
society's  journal  of  April,  1882,  the  other  as  read  before  the  British 
Association  for  the  Advancement  of  Science  at  its  annual  meeting  at 
Montreal  in  1884.  In  his  paper  before  the  Society  of  Arts  Mr.  War- 
ington set  forth  the  theory  of  sewage  purification  by  soil  so  clearly 
that  we  may  draw  upon  it  as  perhaps,  on  the  whole,  the  best  concise 
general  statement  of  the  specific  problem  now  under  discussion  thus 
far  made.  The  paper  begins  by  stating  that  dilute  solutions  of  urine, 
which  contain  the  essential  constituents  of  plant  food,  undergo  no  nitri- 
fication when  fully  exposed  to  the  air  if  only  they  have  been  previously 
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boiled  and  the  air  supplied  to  them  is  filtered  through  cotton  wool.  If 
we  add  a  small  particle  of  fresh  soil  to  sterilized  solutions  of  this  char- 
acter, no  action  at  first  appears,  but  after  a  while  nitrification  begins 
and  the  ammonia  of  the  urine  is  converted  into  nitrate.  This  action 
proceeds  best  in  the  dark,  and  its  full  completion  requires  the  presence 
of  some  mineral  base,  as,  for  instance,  lime.  A  solution  which  has 
undergone  nitrification  is  capable  of  producing  nitrification  in  another 
sterilized  solution  which,  without  the  addition  of  the  nitrified  solution, 
would  remain  unchanged.  If  we  boil  the  soil  or  the  nitrified  solution, 
we  destroy  the  power  of  causing  nitrification.  As  a  final  point,  Mr. 
Warington  states  that  nitrification  is  confined  to  the  same  range  of 
temperature  which  limits  other  kinds  of  fermentation.  At  or  near  the 
freezing  point  the  production  of  nitrates  proceeds  very  slowly,  but 
increases  in  rapidity  with  a  rise  of  temperature,  reaching  its  maximum 
at  99°  F.  Above  this  temperature  the  rate  of  nitrification  diminishes, 
nearly  ceasing  at  122°  F.,  and  entirely  cea^sing  at  131°  F. 

Mr.  Warington  also  states  that  the  purifying  action  of  soil  on  sew- 
age is  probably  due  to  three  distinct  causes:  (1)  Simple  filtration,  or 
the  separation  of  suspended  matter;  (2)  the  precipitation  and  reduc- 
tion by  the  soil  of  ammonia  and  various  organic  substances  previously 
in  solution ;  (3)  the  oxidation  of  ammonia  and  organic  matter  by  the 
agency  of  living  organisms.  It  is  considered  that  the  last  mode  of 
action  is  the  most  important,  as  without  it  sewage  matter  would 
accumulate  in  the  soil  and  the  filter  area  soon  loose  its  efficiency. 
The  simple  filtering  power  of  the  soil  will  depend  upon  its  mechanical 
condition,  while  the  precipitating  power  is  a  chemical  function,  in 
which  the  hydrated  ferric  oxide  and  alumina  and  the  silicates  of  soils 
probably  play  the  principal  part.  The  oxidizing  power  will  depend 
partly  on  its  mechanical,  partly  on  its  chemical,  and  partly  on  its 
biological  condition.  We  now  know  that  a  porous  medium  is  not 
absolutely  essential  for  nitrification  and  that  sewage  may  be  nitrified 
in  a  glass  bottle  or  when  passing  over  polished  pebbles.  Although 
porosity  is  by  no  means  essential  to  the  nitrifying  power  of  soil,  it  is 
a  condition  having  a  very  favorable  influence  on  the  rapidity  of  the 
process,  porous  soil  of  open  texture  presenting  an  immense  surface, 
which  will  become  covered  with  a  thin  film  of  the  nitrifying  organisms, 
and  which,  by  reason  of  its  porosity,  will  be  well  supplied  with  the  air 
requisite  for  the  discharge  of  other  functions.  This  fact  explains 
vhy  nitrification  takes  place  more  rapidly  in  soil  than  in  liquid. 

In  his  paper  before  the  British  Association  in  1884  Mr.  Warington 
remarks  that  further  proof  of  the  ferment  theory  is  afforded  by  the 
fact  that  antiseptics  had  been  found  fatal  to  nitrification.  In  the 
presence  of  a  small  quantity  of  chloroform,  carbon  bisulphide,  sali- 
cylic acid,  and,  apparently,  also  phenol  nitrification  entirely  ceases. 
The  action  of  heat  is  also  equally  confirmatory.  Mr.  Warington  also 
refers  to  experiments  as  carried  out  at  the  Rothamsted  experimental 
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station,  in  which  small  quantities  of  the  soil  were  taken  at  depths 
varj'^ing  from  2  inches  to  8  feet  from  freshly  cut  surface  on  the  sides 
of  pits  sunk  in  clay  soil.  The  soil  so  removed  was  at  once  transferred 
to  a  sterilized  solution  of  dilute  urine,  which  was  afterwards  examined 
from  time  to  time  to  ascertain  the  degree  of  nitrification.  From  the 
results  it  appeared  that  in  a  clay  soil  the  nitrifying  organism  is  con- 
fined to  about  18  inches  of  the  top  soil,  and  is  most  abundant  in  the 
first  6  inches.  In  a  sandy  soil,  he  remarks,  we  would  expect  to  find 
the  organism  at  a  lower  level  than  in  clay,  but  at  that  time  there 
was  no  direct  evidence,  although  since  then  the  later  investigations 
have  shown  the  presence  of  the  nitrifying  organisms  at  as  great  a 
depth  in  porous  soils  as  4  feet. 

Another  paper  or  series  of  papers  by  Mr.  Warington  which  may  be 
referred  to  is  his  six  lectures  on  the  investigations  at  the  Rothamsted 
Agricultural  Station  before  the  Association  of  American  Agricultural 
Colleges  and  Experiment  Stations,  at  Washington,  in  August,  1891. 
In  these  lectures  Mr.  Warington  brings  the  whole  subject  of  nitrifica- 
tion down  to  date,  but  with  such  wealth  of  detail  as  to  preclude  more 
than  a  simple  reference  to  the  matter  here.  The  reader  interested  in 
this  particular  phase  of  the  subject  can  hardly  do  better  than  to  study 
the  lectures  in  question. 

We  have  seen  that  Mr.  Warington  pointed  out  in  his  paper  of  1882 
that  antiseptics  are  fatal  to  the  life  of  the  nitrifying  organism.  In 
the  course  of  the  experiments  at  Lawrence,  Massachusetts,  a  number 
were  made  as  to  the  effect  upon  nitrification  of  antiseptics,  as  well  as 
other  substances,  among  these  being  ammonium  chloride,  alkalies, 
acids,  common  salt,  and  sugar.  The  results  indicated  that  many  sut>- 
stances  which  would  ordinarily  be  fatal  to  the  nitrifying  power  of  a 
filter  if  applied  suddenly,  can  be  efficiently  treated  provided  the 
increase  in  quantity  is  gradual,  thus  giving  the  filter  time  in  which  to 
adapt  itself  to  the  various  grades  of  work. 

ESSENTIAL  CONDITIONS. 

We  have  seen  that  Mr.  Warington  pointed  out  in  his  paper  of  1882^^ 
why  porous  soils  would  be  much  more  favorable  for  intermittent  fil—  _ 
tration  than  those  of  close  texture.  We  may  now  examine  as  to  th^^  _ 
quality  of  some  best  suited  for  such  work. 

In  the  Twentieth  Annual  Report  of  the  Massachusetts  State  Boa: 
of  Health  we  find  stated  as  a  fundamental  proposition  of  intermitte 
filtration  that  sewage  can  be  more  efficiently  filtered  through  o] 
sand  than  through  sand  covered  with  soil,  and  that  the  upper  Hay 
of  intermittent  filtration  areas  should  be  of  coarse  sand,  into  whi 
the  sewage  will  disappear  rapidly,  leaving  room  for  air  to  enter  a 
come  in  contact  with  the  thin  laminae  of  liquid  covering  the  particl 
of  sand.     As  regards  the  purification  of  sewage  through  the  medium 
nitrification,  the  chief  points  established  are  that  the  best  results 
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obtained  in  filters  which  have  been  for  some  time  in  work,  thus  becom- 
ing adapted  to  the  special  service  they  are  to  perform ;  that  free  oxy- 
gen is  indispensable  for  success;  that  sewage  is  best  purified  when 
held  in  thin  films  upon  or  between  sand  grains  and  gravel  stones;  and 
that  the  period  of  greatest  distribution  of  the  ordinary  sewage  bacte- 
ria corresponds  with  the  time  of  most  active  nitrification.     The  experi- 
ments also  indicate  that  the  nitrifying  organism  probably  attaches 
itself  in  very  thin  films  over  the  surface  of  the  sand  grains  and  gravel 
stones  of  the  filter  area,  and  that  for  complete  nitrification  the  sewage 
should  remain  in  contact  with  the  nitrifying  organism  a  short  space  of 
time.    If  while  in  such  contact  the  conditions  are  favorable  to  the  com- 
plete admission  of  oxygen,  we  may  expect  the  purification  to  be  very 
complete.     So  important  is  this  consideration  that  Mr.  Allen  Hazen, 
in  one  of  his  reports,  has  formulated  the  indispensable  conditions  of 
sewage  purification  as  depending  upon  oxygen  and  time.     All  other 
conditions,  Mr.  Hazen  says,  are  secondary.     Even  temperature  is  only 
a  minor  influence.     If  the  organisms  for  purification  have  attached 
themselves  to  the  sand  grains  and  imperfect  purification  then  occurs 
for  any  considerable  period,  it  is  conclusive  evidence,  Mr.  Hazen  says, 
either  that  there  is  too  small  a  quantity  of  oxygen  present  in  the  filter 
or  that  the  sewage  is  passing  through  so  rapidly  as  not  to  afford  time 
for  complete  oxidation.     In  a  practical  way,  therefore,  such  filters 
must  be  so  operated  as  to  insure  a  slow  enough  rate  to  give  the  nec- 
essary contact  between  the  sewage  and  the  nitrifying  organisms,  while 
at  the  same  time  insuring  the  presence  of  an  abundance  of  free  oxy- 
gen in  the  interstices  of  the  filter.     Moreover,  we  must  not  overlook 
the  necessity  for  the  presence  of  an  alkaline  basic  salt,  and  the  fact 
that  the  temperature  of  the  filter  area  generally  must  be  somewhat 
above  freezing,  although  it  is  true  that  such  filters  will  operate  below 
freezing  for  considerable  periods  of  time  without  entire  cessation  of 
^he  nitrifying  process.     As  to  the  alkaline  base,  if  it  does  not  exist 
naturally  in  the  filtering  material  used  it  may  be  added  artificially, 
^or  this  purx)ose  common  lime  sown  broadcast  over  the  area  answers 
^very  requirement. 

The  experiments  at  Lawrence  have  been  carried  out  with  reference 

^«  materials  of  varying  degrees  of  coarseness.     In  some  of  the  tanks 

^^oarse  mortar  sands  have  been  used,  while  in  others  sands  of  medium 

Quality,  as  well  as  fine  sands,  have  been  experimented  upon.     One  of 

^le  most  interesting  special  experiments  is  as  to  the  filtering  qualities 

f  a  very  fine  sand  in  situ. 

For  the  purx)ose  of  this  experiment  a  natural  area  of  fine  river  silt  of 
bout  one- third  of  an  acre  was  prepared  by  partial  underdraining  with 
rains  60  feet  apart,  which  were  designed  chiefly  to  catch  samples 
^'^f  the  effluent.     This  area  is  on  the  banks  of  the  Merrimac  River, 
^ear  the  exi)eriment  station  at  Lawrence,  Massachusetts,  with  its  sur- 
face several  feet  above  the  ordinary  stage  of  the  river.     The  few 
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underdrains  laid  were  found  of  little  use,  because  usually  the  li 
passes  by  them  directly  down  to  the  plane  of  the  water  table.  The 
face  of  the  location  selected  slopes  at  the  rate  of  about  1  foot 
in  one  direction  and  about  1  in  100  in  the  other.  A  series  of  shi 
trenches  which  follow  the  surface  of  the  field  are  excavated  ii 
original  material.  They  are  mostly  made  1  foot  wide  top  and  bo 
with  varying  depths  from  6  inches  to  3  feet,  and  filled  in  with  a  c 
mortar  sand.  They  are  5  feet  apart,  and  are  generally  constn 
with  the  surface  of  the  coarse  sand  4  inches  below  the  adjacent 
nal  surface,  except  at  the  lower  end,  where,  in  a  distance  of  50 
the  depth  increases  to  10  inches  below  the  original  surface.  \ 
trenches  are  each  about  200  feet  in  length.  The  distance  which 
age  will  flow  in  them  varies  with  the  amount  applied  and  the  an 
of  sediment  upon  the  surface,  which  again  varies  with  the  qual 
the  sewage,  the  completeness  of  the  nitrification,  and  the  time  eli 
since  the  surface  was  cleaned.  As  to  the  cleaning  of  the  surf  a 
is  found  desirable  that  it  be  done  occasionally,  usually  at  peri( 
from  one  to  three  months.  The  removal  of  a  quarter  of  an  in 
depth  from  the  surface  of  the  coarse  sand  appears  to  be  suffi< 
During  the  winter  the  trenches  have  been  covered  with  boards, 
the  result  that  the  process  of  purification  proceeded  readily  durii 
entire  winter. 

The  result  of  this  experiment  indicates  that  in  very  fine  sai 
the  quality  here  found  from  50,000  to  60,000  gallons  of  sewag 
day  may  be  eflBciently  purified  with  a  renewal  of  the  sand  ii 
trenches  of  perhaps  2  to  3  inches  annually.  Filters  compos 
either  coarse  mortar,  sand  or  fine  gravel,  or  coarse  sand  and  g 
mixed  may  be  expected,  however,  to  filter  from  80,000  to  100,00 
Ions  per  day  per  acre. 

Experiments  with  fine  soil,  with  sand  covered  with  soil,  and 
peat  and  loam  and  coarse  gravel  have  all  been  carried  out  in 
detail  at  Lawrence.  The  wealth  of  material  relating  to  these  diff 
experiments  precludes  any  adequate  reference  to  all  of  them  ir 
place.  A  few  of  the  more  interesting  may  be  briefly  referred  to. 
instance,  one  of  the  most  important  results  brought  out  by  the  m 
laneous  experiments  is  the  fact  that  by  systematically  breakin 
scum  which  forms  on  thfe  surface  of  the  fllters  a  very  much  1 
quantity  of  sewage  can  be  purified  without  deterioration  of  the 
ent  than  is  possible  when  the  scum  is  allowed  to  remain  unbrokc 
long  periods  of  time. 

PERMANENCY  OF  SAND  FILTERS. 

As  to  the  permanency  of  such  filters,  it  is  remarked  that  the 
ing  fact  of  intermittent  filtration  is  that  the  organic  matters  of  se 
are  destroyed  instead  of  being  stored  in  the  filter,  as  is  largel 
case  with  other  methods  of  purification.  The  experiments  hav< 
ther  shown  that  the  conditions  allowing  thorough  purification  o 
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maximum  volume  with  the  best  results  are  such  that  a  small  percent- 
age of  the  more  stable  organic  matters  of  the  sewage  resist  the  reduc- 
ing action  of  the  filter  and  tend  to  accumulate  in  its  upper  layers, 
until  after  a  time  the  surface  becomes  choked  to  such  an  extent  that 
the  sewage  will  not  sink  freely  below  it,  thus  violating  the  fundamen- 
tal principle  of  intermittent  filtration.  As  a  remedy  it  is  suggested 
tliat  temjwrary  relief  may  be  obtained  by  simply  turning  the  surface 
under,  although  evidently  an  indefinite  use  of  the  same  material  would 
be  impracticable  if  anything  like  a  maximum  quantity  of  sewage  were 
treated.  Since  the  organic  material  thus  a<;cumulating  is  confined 
entirely  to  the  upper  few  inches  of  the  filter,  it  is  considered  best  to 
occasionally  renew  the  upper  layers  of  sand. 

Experiments  were  also  made  as  to  the  nature  of  the  clogging  mate- 
rial, with  the  result  of  showing  that  it  may  be  divided  into  two  classes, 
the  fats  and  the  sludges  proper,  the  former  being  in  effect  the  car- 
bonaceous element  and  the  latter  the  nitrogenous.  The  result  of  the 
experiments  is  to  indicate  that  the  fats  themselves  do  not  accumulate 
in  the  sand  in  such  a  way  as  to  choke  the  filter.  The  possibility  is 
pointed  out,  however,  that  instead  of  being  completely  oxidized  and 
destroyed  the  fats  may  be  oxidized  to  some  stable  compound  which 
clogs  the  sand.  The  experiments  apparently  indicate  some  action  of 
that  sort  which  thus  far  has  not  been  well  defined.  It  has  been  found 
that  clogging  is  in  no  way  a  serious  matter,  and  that  an  efficient 
remedy  is  found,  as  already  indicated,  in  either  turning  over  or 
scraping  the  surface  of  the  filter.  The  fact  brought  out  that  when 
the  sand  is  unworked  the  fats  slowly  oxidize  indicates  either  that  the 
total  filter  area  for  any  given  case  should  be  large  enough  to  admit  of 
a  portion  of  the  filter  resting  occasionally  for  a  few  months,  or  that 
the  sand,  if  removed,  can  after  a  while  be  again  used,  although  it 
is  probable  that  ultimately  it  would  require  washing  in  order  to 
remove  slight  accumulations  of  silt  material  carried  in  suspension  by 
the  sewage. 

Perhaps  as  important  experiments  as  any  are  those  relating  to  the 
mechanical  condition  of  the  filtering  materials.  As  assisting  study 
in  this  direction,  the  modem  systems  of  mechanical  analysis  have  been 
of  great  value.  Indeed,  we  may  say  that  the  recent  work  along  this 
line  has  largely  given  an  entirely  new  phase  to  all  agricultural  ques- 
tions relating  to  the  condition  of  the  soil.  In  addition  to  the  work  on 
mechanical  composition  of  the  sands  used  in  filtration  as  accomplished 
at  the  Massachusetts  experiment  station,  chiefly  by  Mr.  Allen  Hazen, 
similar  questions  have  been  studied  at  the  agricultural  experiment 
stations  of  South  Carolina  and  of  Maiyland  by  Prof.  Milton  Whit- 
Jiey.i    The  studies  of  these  two  gentlemen  have  added  greatly  to  our 

'See  the  Second  A^ri'^^  Beimrt  of  the  South  Carolina  Agricnltnral  Station  and  the  Fourth 
^port  of  the  Maryland  Station;  also,  as  resards  methods  of  makinjir  mechanical  analyses  of 
*uid«for  filtration  purposes,  Twenty-second  Annual  Report  of  the  Massachusetts  State  Board 
QfHeslth. 
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knowledge  of  this  subject,  although  the  earlier  work  of  Hilgard  an( 
Johnson  is  classic. 

In  order  to  estimate  the  filtering  capacity  of  any  given  material,  i 
is  important  to  understand  the  air  and  water  capacity  of  the  filtering 
material  when  drained,  the  term  *  *  water  capacity  "  being  taken  to  des 
ignate  the  amount  of  water  retained  in  the  interstices  after  thorougl 
draining.  The  eflBciency  of  the  filtering  process  depends  largely  upoi 
these  two  elements.  The  amount  of  water  will  depend  not  only  upoi 
the  closeness  of  the  packing,  but  also  upon  its  uniformity,  and  at  an; 
given  time  upon  the  amount  of  organic  matter  stored  from  the  mate 
rial  filtered.  The  water  capacity  will  also  depend  largely  upon  th< 
size  of  the  particles,  the  finer  sands  holding  much  water,  especially  a 
the  bottom,  while  with  coarae  sand  the  amount  held  will  be  nearl; 
constant  from  top  to  bottom. 

Studies  have  been  made  as  to  the  limitation  of  the  size  of  singl 
doses  of  sewage.  With  very  coarse  material  the  amount  of  sewag 
which  can  be  applied  at  any  one  time  is  limited  by  the  slight  reten 
tive  capacity,  the  addition  of  too  large  a  quantity  leading  to  passag 
through  the  filter  in  too  short  a  time.  The  conclusion  from  th 
studies  is  that  the  single  dose  should  not  exceed  the  water  capacit; 
of  the  material,  because,  if  it  does  exceed  such  limit,  a  portion  wil 
pass  through  at  once,  first  forcing  out  the  water  previously  held 
leaving  the  filter  before  complete  purification  can  take  place.  If  th 
air  limit  is  exceeded,  the  oxygen  in  the  filter  is  liable  to  be  exhaust«< 
before  the  oxidation  is  complete. 

As  to  the  purification  attained  by  intermittent  filtration,  the  Massa 
chusetts  experiments  show  that  very  high  degrees  are  reached  easil}/ 
By  way  of  illustrating  the  matter,  we  may  simply  state  that  sewag 
has  been  purified  to  the  extent  of  removing  from  95  to  99.5  per  cen 
of  the  polluting  material.  Sewage  containing  from  500,000  to  1,000,00 
bacteria  per  cubic  centimeter  has  been  so  far  purified  of  bacteria  tha 
the  effluents  have  frequently  contained  as  few  as  from  25  to  100  bac 
teria  per  cubic  centimeter.  In  order  to  appreciate  this  degree  of  bac 
terial  purification,  we  may  consider  that  well  waters  in  common  us 
frequently  contain  from  2,000  to  3,000  bacteria  per  cubic  centimetei 
As  regai-ds  chemical  and  biological  considerations,  there  is  therefor 
no  reason  why  such  sewage  effluents  are  not  fit  to  drink. 

The  body  of  information  in  regard  to  sewage  purification  by  intei 
mittent  filtration  which  is  presented  in  the  several  reports  of  the  MaJ 
saehusetts  State  Board  of  Health  has  become  so  extensive  that  on 
must  be  an  expert  to  keep  in  mind  the  many  interesting  and  valuabl 
results  brought  out.  As  assisting  the  general  reader,  who  may  nc 
care  to  travel  through  the  several  thousand  pages  of  matter  given  i 
these  reports,  reference  may  be  made  to  a  veiy  excellent  summary  c 
the  results  obtained  from  intermittent  filtration  during  seven  yean 
experimentation  at  page  497  of  the  report  of  1894,  where  may  be  foun 
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brief  statements  of  yearly  averages  of  the  various  kinds  of  filters 
experimented  upon,  as  well  as  an  outline  of  the  most  important  fea- 
tures in  the  operation  of  each  filter. 

The  subject  of  intermittent  filtration  has  been  discussed  here  because 
its  theory  of  action  applies  to  sewage  irrigation  as  well,  the  chief  dif- 
ference between  the  two  being  in  the  method  of  application  and  in  the 
agricultural  results  obtained.  We  shall  see,  however,  that  the  two 
run  together,  crops  being  easily  raised  on  filtration  areas  and  the  fields 
of  sewage  farms  frequently  irrigated  when  no  crops  are  growing.  The 
discussion  of  the  theory  of  intermittent  filtration  is  in  reality,  there- 
fore, a  general  discussion  of  the  theory  of  sewage  irrigation.  We  shall 
see  also  that  the  agricultural  utilization  of  sewage  to  the  best  advan- 
tage involves  the  use  of  intermittent  filtration  as  an  adjunct  of  broad 
irrigation. 

IRRIGATION. 

Ordinary  irrigation,  which  consists  in  the  application  of  water  to  the 
soil,  in  order  to  assist  the  gi'owth  of  plants,  has  been  practiced  from 
the  earliest  days  in  Assyria,  India,  China,  Egypt,  Italy,  France, 
Spain,  and  portions  of  England.  Sewage  irrigation,  on  the  contrar}^ 
is,  so  far  as  known,  a  modern  development.  It  has  for  its  purpose  the 
purification  of  the  water  which  has  been  employed  in  carrying  awaj'^ 
the  refuse  of  towns.  The  methods  of  applying  sewage  water  do  not 
differ  greatly  from  those  used  in  ordinary  irrigation,  except  that  by 
reason  of  the  quality  of  the  material  which  sewage  water  carries  in 
suspension  and  solution  special  attention  to  the  detail  of  the  process 
is  required,  in  order  that  the  sewage  water  may  not  come  in  direct 
contact  with  the  growing  plants. 

In  selecting  ground  for  a  sewage  farm  account  must  be  taken  of  the 
relative  elevation  of  the  farm  and  of  the  town,  manufacturing  estab- 
lishment, or  residence  from  which  the  material  comes.  Whenever 
possible,  as  a  matter  of  economy,  the  farm  should  be  selected  with 
reference  to  the  sewage  reaching  it  by  gravity.  If,  however,  the  loca- 
tion does  not  admit  of  such  procedure,  pumping  may  be  resorted  to, 
although  this  frequently  will  entail  considerable  additional  expense 
in  first  cost  of  plant  as  well  as  in  the  annual  outlay  for  operation  and 
maintenance.  In  some  cases,  where  land  can  be  reached  by  gravity 
by  going  considerable  distance  or  can  be  reached  by  pumping  within 
a  short  distance,  carefully  prepared  estimates,  taking  into  account  all 
the  elements  of  first  cost,  as  well  as  the  annual  cost  of  maintenance 
and  operation,  may  show  that  it  is  cheaper  to  deliver  the  sewage  a 
long  distance  by  gravity  than  a  shorter  distance  by  pumping. 

Formerly  it  was  also  considered  important  to  select  a  sewage  farm 
with  reference  to  the  surrounding  inhabitation,  because  there  was  a 
prejudice  against  such  farms  on  account  of  the  assumed  liability  to 
effluvium  nuisance.  This  objection  has  much  less  weight  now  than  it 
formerly  had,  because  experience  has  fully  demonstrated  that  with 
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proper  management  a  sewage  farm  is  no  more  objectionable  on 
account  of  bad  smells  than  any  other  form  of  farming.  The  odor  of 
manure  is  unpleasant,  alth(»ugh  not  specially  unhealthf  ul.  ITndoii  "Lit- 
edly  there  are  many  barnj'ards,  both  in  town  and  ixnintrj-,  which  n-re 
more  niipleasaiit  to  the  sense  of  smell  than  well-regulated  sewa.^ 
farms.  We  may  conclude,  therefore,  in  the  light  of  present  experi- 
ence, that  an  objection  to  sewage  farms  on  account  of  serious  eflii- 
viiim  nuisance  is  not  well  founded.  We  may  further  consider  tbat 
all  sanitarians  agree  that  the  proper  place  for  disposing  of  such  to^^'n 
refuse  is  on  land.  When  applied  there  with  due  reference  to  oiir 
present  information  as  to  the  nitrifying  process,  there  is  no  reason  for 
the  production  of  specially  bad  smells. 

For  the  best  results  the  topsoil  of  a  sewage  farm  should  be  of   A 


permeable  character,  with  a  gravelly  or  sandy  sulisoil.     If  it  be  eon»-  -~ 
pact  clay,  the  sewi^e  t-an  not  enter,  and  the  only  purification  attaiue^J 
will  Ije  that  due  to  (wming  in  contju^t  with  the  soil  by  fl<»wing  over  it, 
Clay  soils,  therefoi-e,  are  not  so  satisfactory  for  sewage  fanning  a» 
opi-n,  gravelly  s<»ils,  although,  as  we  shall  see  in  describing  the  sew- 
age farm  at  Wimbledon,  England,  it  is  ptssible  to  so  treat  the  sewage 
and  prej>are  the  farm  as  to  attjiin  a  very  high  degree  of  purilicAtion 
even  with  clay  soils,  but  the  chance  of  doing  this  at  a  commercial 
profit  is  exceedinglj'  small. 

If  not  naturally  level  or  of  very  uniform  sh>pe,  a  sewage  farm  for 
the  liest  results  should  be  leveled,  so  that  the  sewago  may  flow  equally 
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over  every  portion.  It  should  also  be  laid  out  with  distributing  chan- 
nels, as  shown  in  fig.  4,  having  a  proper  inclination  in  order  to  deliver 
the  sewage  readily  to  all  parts  of  the  farm.  Formerly  it  was  consid- 
ered necessary  that  the  carriers  be  lined  with  earthenware,  concrete, 
or  other  impervious  material,  to  prevent  the  sewage  sinking  into  the 
^ound  during  its  passage  along  them,  but  now  the  more  ordinary 
practice  is  simply  to  make  eart.h  ditches,  with  flat  slopes.  Fig.  5  illus- 
trates a  common  form  of  pipe  distribution.  As  to  the  best  size  of  the 
field  for  irrigation,  everything  depends  upon  the  quantity  of  sewage 
to  be  disiK)sed  of  and  the  character  of  the  soil.  On  this  point  the 
advice  of  a  i)er8on  of  experience  in  sewage  farming  will  be  especially 
valuable. 

As  to  the  difference  in  soils  for  sewage  purification,  we  may  refer  to 
some  opinions  expressed  nearly  thirty-five  years  ago.  In  1862  a  Par- 
liamentary committee,  known  as  the  Select  Committee  on  Sewage  of 
T'oMms,  took  a  large  amount  of  evidence  and  reported  at  length  in 
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regard  to  the  agricultural  utilization  of  sewage.  Among  other  emi- 
nent authorities  called  before  this  committee  was  Dr.  Augustus 
Voelcker,  at  that  time  one  of  the  leading  agricultural  chemists  of 
^^gland,  who  testified  that  sewage  could  be  applied  with  great  advan- 
^^  on  light,  porous  soils,  and,  indeed,  on  all  soils  which  resemble  in 
character  such  land;  but  on  heavy  clay  land  it  could  not  be  applied 
With  advantage,  esi)ecially  when  the  cultivation  was  such  as  to  pro- 
"nce  in  dry  weather  cracks  in  the  clay,  through  which  the  liquid 
"^^^ht  penetrate  to  some  depth  in  the  soil. 

*^^of .  J.  T.  Way,  another  eminent  chemist,  stated  before  the  same 
conamittee  that,  though  valuable  materials  were  contained  in  sewage, 
^hey  ^ere  coupled  with  a  condition  as  to  constant  use  in  all  weathers 
^^^  at  all  times  which  obliged  one  to  limit  the  use  of  them,  and  that 
II  iroix  pipes  were  laid  over  a  farm  and  the  farmer  given  the  privilege 
01  Using  sewage  when  he  liked  to  apply  it,  leaving  it  unused  so  far  as 
ihe  growing  crops  were  concerned  when  not  needed,  there  would  be 
^0  doubt  as  to  the  value  of  sewage  in  agriculture. 

^''ofessor  Way  also  said  that  under  given  conditions  sewage  is  of 
^i^niense  value  merely  as  water  for  irrigation  purposes,  while  under 
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other  conditions — for  instance,  in  times  of  great  rainfall — the  wat< 
is  so  objectionable  that  one  ipight  better  lose  the  manure  than  to  l 
obliged  to  have  the  water.  These  opinions  of  thirty-four  years  ag 
are  given  here  for  the  purpose  of  showing  that  even  in  the  early  daj 
of  sewage  farming  it  was  recognized  that  the  necessity  of  caring  fc 
large  amounts  of  water  at  all  seasons  might  be  a  serious  burden  upo 
the  success  of  such  farming  in  a  commercial  way.  The  developmer 
of  intermittent  filtration  since  that  time  has,  however,  given  us  moi 
thorough  control  of  all  the  conditions  than  existed  in  1862. 

From  our  present  understanding,  the  proper  method  of  procedur 
is  for  towns  to  provide,  where  the  conditions  admit,  intermittent  fi 
tration  areas  on  which  sewage  can  be  cared  for  and  efficiently  purifie 
whenever  it  is  not  needed  for  the  purposes  of  agriculture.  Such  m 
arrangement  will  permit  of  using  it  under  the  conditions  laid  down  t 
Professor  Way;  that  is  to  say,  the  farmer  may  take  it  when  he  needs 
and  let  it  alone  when  it  is  not  needed.  As  thus  employed,  there  is  ■ 
doubt  that  sewage  irrigation  may  be  made  immensely  profitable  in  f 
parts  of  the  United  States.  We  saj^  all  parts,  because  there  is  a  po 
ular  notion  that  in  the  eastern  part,  at  any  rate,  the  rainfall  is  suf 
cient  to  meet  all  the  requirements  of  agriculture.  One  needs,  howeve 
to  study  the  history  of  irrigation  in  foreign  lands  only  casuall)' 
order  to  learn  that  this  impression,  like  many  other  popular  irapre 
sions,  is  only  in  a  moderate  degree  true.  The  author  is  decidedly 
the  opinion  that  irrigation  occasionally  applied,  even  in  the  Eae 
would  lead  to  a  very  great  increase  in  the  productiveness  of  farms. 

Byway  of  illustrating  the  foregoing  proposition  as  to  irrigation  su 
plementing  the  natural  rainfall,  the  conditions  in  the  Po  Valley, 
the  north  of  Italy,  may  be  referred  to.  We  have  here  an  extensi^ 
plain  on  which  irrigation  has  been  practiced  for  over  two  thousar 
years.  For  200  miles  along  tlie  southern  base  of  the  Alps  the  rainf?= 
in  the  early  part  of  the  year  is  usually  sufficient  for  the  spring  crop 
Later  in  the  season  the  rainfall  is  less,  but  by  the  use  of  irrigatioa 
second  crop  is  raised  after  the  first  crop  is  removed  in  the  early  ai 
middle  part  of  the  summer.  In  this  way  the  total  yield  is  near 
doubled. 

FILTRATION  AREAS  NECESSARY. 

In  order  to  utilize  sewage  in  the  manner  proposed,  it  will  be  desi 
able  for  municipalities  to  construct  intermittent  filtration  areas  at  tl 
expense  of  the  municipality  at  large,  on  which  sewage  can  be  purifii 
whenever  not  required  for  agriculture.  During  the  season  of  actu 
growth,  when  sewage  would  be  naturally  used  for  irrigation,  tl 
filtration  areas  would  be  allowed  to  rest,  thus  perfectly  fulfilling  oJ 
necessary  condition  which  we  have  already  discussed  in  treating  tl 
subject  of  intermittent  filtration. 

Possibly  the  objection  will  be  raised  that  under  this  arrangemei 
the  towns  themselves  would  not  realize  a  profit  on  the  sewage.     Thi 
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however,  is  not  a  matter  of  any  moment.     The  towns,  as  we  have 

seen,  really  owe  it  to  the  riparian  proprietors  on  the  streams  below 

the  points  where  sewage  enters  not  to  so  foul  the  stream  as  to  create  a 

nuisance.     It  is  a  natural  right  of  the  riparian  owners  to  demand  that 

sewage  pollution  be  prevented.     It  is  a  duty,  therefore,  on  the  part 

of  towns  to  purify  sewage  before  allowing  it  to  enter  streams.     If  in 

the  process  of  such  purification  the  towns  can  realize  even  a  partial 

return,  they  have  so  much  clear  gain;  they  should  look  upon  it  as  a 

partial  recoupment  of  a  necessary  expense  which  otherwise  would  be 

much  larger. 

Experience  has  shown  that  there  is  no  objection  to  raising  crops  on 
the  intermittent  filtration  areas,  and  on  several  of  the  English  sewage 
farms,  as  well  as  on  those  of  Germany,  this  practice  is  quite  common. 
It  has  also  been  done  at  South  Framingham,  Massachusetts;  at  Plain- 
field,  New  Jersey,  and  at  other  places  in  the  United  States.  At  South 
Framingham,  in  particular,  the  result  of  several  years'  experience  is 
to  indicate  that  Indian  corn  grows  with  the  greatest  luxuriance  upon 
the  filtration  areas,  so  much  so  that  in  some  years  the  standing  crop 
has  been  sold  in  the  field  to  the  highest  bidder  at  as  much  as  from  $30 
to  $40  per  acre.  At  the  same  time  the  effluent  from  the  South  Framing- 
ham sewerage  works,  which  flows  into  the  Boston  water  supply,  has 
been  kept  up  to  the  proper  standard  of  purity.  The  works  at  South 
Framingham  are  owned  by  the  town. 

OPINIONS  OP  FORBIQN  COMMISSIONS. 

Examples  of  this  sort  show  the  importance  of  approaching  questions 
of  sewage  purification  and  utilization  from  a  practical  point  of  view, 
and  with  due  reference  to  the  recent  information  as  to  the  effect  of  the 
nitrifying  organism  in  preparing  refuse  substances  for  utilization  by 
plant  life.  The  problem  takes  on  such  new  forms  that  much  of  the  old 
information  has  little  application.  There  are,  however,  a  large  num- 
ber of  opinions  expressed  in  the  past  by  government  commissions  and 
eminent  sanitarians  which  are  considerably  enforced  by  the  recent 
views.  Let  us  refer  a  little  in  detail  to  several  of  these  opinions 
which  have  been  shown  by  the  passage  of  time  to  be  fundamentally 
sound.  In  1857  a  commission  ^  was  appointed  to  inquire  into  the  best 
mode  of  distributing  the  sewage  of  English  towns  and  applying  it  to 
beneficial  and  profitable  use.     This  commission  included  among  its 

>Sewa«e  of  Towns  Commiflsion,  Reports  1,  2, 8,  H",  London,  1858-61-«>.  These  reports  contain 
tbe  details  of  caref nl  investigations.  Elaborate  cultivation  and  feeding  experiments  were  pur- 
sued extending  over  a  i>eriod  of  several  years,  the  results  of  which  were  presented  in  great 
det&n  in  the  second  and  third  reports.  In  the  appendix  to  the  first  report  may  be  found  an 
account  of  a  visit  made  by  a  committee  of  the  commission  to  Milan,  Italy,  for  the  purpose  of 
examining  the  sewage  utilization  works  at  that  place.  This  committee  reported,  under  date  of 
December,  1867,  that  the  experience  of  the  irrigation  around  Milan  added  a  striking  proof  to 
tliat  already  obtain#d  as  to  the  value  in  agriculture  of  a  command  of  pure  water,  and  of  the 
immense  increase  of  that  value  obtained  by  the  addition  of  sewage  combined  with  the  higher 
temperature  derived  by  the  liquid  in  its  passage  through  the  town. 
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members  such  eminent  engineers  and   chemists  as  I.  K.  Brunei], 
Robert  Rawlinson,  Prof.  J.  T.  Way,  J.  B.  Lawes,  John  Simon,  and 
Henry  Austin.     They  studied  the  question  in  all  its  phases  and  car- 
ried out  extensive  experiments,  which  are  detailed  at  length  in  their 
reports.     In  the  final  report,  presented  in  1865,  the  commission  said 
that  as  a  result  of  its  labor  and  investigation  it  was  of  the  opinion 
that  the  right  way  to  dispose  of  town  sewage  is  to  apply  it  continu- 
ously to  land,  and  that  the  pollution  of  rivers  can  be  avoided  only  by 
such  application ;  that  the  financial  results  of  applying  sewage  to  land 
differ  under  different  local  circumstances,  because  in  some  places 
irrigation  can  be  effected  by  gravity,  while  in  others  pumping  maet 
be  employed;  also,  because  heavy  soils,  which  may  be  alone  avail- 
able in  some  places,  are  less  fit  than  light  soils  for  sewage  irrigation. 
The  commission  also  expressed  the  opinion  that  where  local  circum- 
stances are  favorable,  and  undue  expense  is  avoided,  towns  maj^  derive 
profit  from  applying  sewage  in  agriculture. 

As  a  final  summation,  this  commission  states  that  wherever  rivew 
are  polluted  by  the  discharge  of  town  sewage 'into  them,  thetow^iis 
may  be  reasonably  required  to  desist  from  causing  a  public  nuisanc^^- 

In  1805  another  commission  was  appointed  (referred  to  on  p.  1^)j 
commonly  known  as  the  First  Rivers  Pollution  Commission.  It  con- 
sisted of  Robert  Rawlinson,  J.  T.  Harrison,  and  J.  T.  Way,  who  w^i* 
charged  with  an  inquiry  as  to  how  far  the  use  of  rivers  and  runnixig 
waters  in  England  for  the  purpose  of  carrying  off  the  sewage  of  tow^xis 
and  populous  places  and  the  refuse  arising  from  industrial  processes 
and  manufactures  could  be  prevented  without  risk  to  the  publ^<^ 
health  or  serious  injury  to  such  processes  and  manufactures,  and  ho^ 
far  such  sewage  and  refuse  could  be  utilized  other  than  by  dischar^ 
into  rivers  or  rendered  harmless  before  reaching  them. 

In  its  report  on  the  River  Thames  this  commission  suggests  that  t'fc^ 
whole  river  be  placed  under  the  superintendence  of  one  governit^^S 
body,  and  that,  after  the  lapse  of  a  period  to  be  allowed  for  the  altef^' 
tion  of  existing  arrangements,  it  be  made  unlawful  for  any  sewa^'®' 
unless  the  same  has  been  passed  over  land  so  as  to  become  purifie^^' 
or  for. any  injurious  substances  or  refuse  from  paper  mills,  tanneri^^' 
and  other  works,  to  be  cast  into  the  River  Thames  between  cerfe^^" 
limits  defined  in  the  report,  and  that  any  person  offending  in  th^^^ 
respect  be  made  liable  to  penalties  to  be  recovered  summarily.  ^'^ 
their  report  on  the  River  Lea  the  commissioners  suggest  that  a  simiL-^^ 
arrangement  be  made  for  the  more  thorough  control  of  that  strear^- 

In  1868  the  Queen's  commission  was  issued  to  what  is  known  as  i9^^ 
Second  Rivers  Pollution  Commission,  whose  work  in  the  lineof  int^^' 
mittent  filtration  has  been  referred  to  on  pages  29  to  31.     The  scope  ^ 
this  commission's  inquiry,  as  given  on  page  29,  is  seen  to  be  the  sai^^ 
as  that  of  the  First  Rivers  Pollution  Commission.    Th^  Second  Rive^ 
Pollution  Commission  studied  questions  of  sewage  purification  vei*/ 
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broadly,  making  six  reports  in  all,  which  are  the  gi*eat  mine  of  infor- 
mation as  to  river  and  stream  pollution  at  this  day.  As  regards  these 
particular  subjects,  in  no  civilized  country  has  work  approximating  to 
that  of  the  Second  Rivers  Pollution  Commission  been  performed. 

In  the  summary  to  the  fourth  report,  on  the  best  means  of  pre- 
venting the  pollution  of  rivers,  the  commissioners  take  the  ground 
that  the  question  of  how  to  prevent  polluting  liquids  from  gaining 
access  to  running  water  could  not  be  successfully  answered  without 
first  defining  just  what  is  meant  by  polluted  water;  and  that  follow- 
ing this  line,  for  the  purpose  of  efficient  legislation,  an  arbitrary  line 
should  be  drawn  between  waters  which  are  to  be  deemed  polluting 
and  inadmissible  into  streams  and  those  which  may  be  considered 
innocuous  and  therefore  admissible  to  streams.     The   commission 
therefore  gives  certain  standards  of  purity,  which  it  is  not  necessary 
to  reproduce,  and  states  that  such  standards  have  been  formed  with 
the  most  careful  regard  for  the  interests  of  both  towns  and  manufac- 
turers.   It  expresses  the  opinion  that  the  adoption  of  the  methods  pro- 
posed would  not  infiict  any  injury  on  manufactures,  but  might,  on 
the  other  hand,  save  the  manufacturers  from  inflicting  injuries  upon 
themselves.     It  is  also  pointed  out  that  one  of  the  most  crying  evils 
in  manufacturing  districts  is  the  want  of  clean  water,  and  that  there- 
fore every  successful  effort  to  make  dirty  water  again  usable  is  a 
clear  gain  to  the  manufacturing  class  as  a  whole. 

In  1876  the  English  Society  of  .Arts  took  up  the  study  of  various 
subjects  connected  with  the  health  of  towns,  and,  as  an  authoritative 
^ientific  society  of  the  country,  appointed  a  committee  to  report  to 
^he  society  in  regard  to  the  various  questions  involved  in  sewage 
utilization  and  the  allied  sanitary  subjects.     In  its  report  the  com- 
^ttee  states  as  its  opinion  that  where  land  at  a  reasonable  price  can 
^  procured  with  favorable  natural  gradients,  with  soil  of  the  proper 
^'lality  and  in  sufficient  quantity,  a  sewage  farm,  if  properly  con- 
cocted, is  apparently  the  best  method  of  disposing  of  water-carried 
^Wage. 

The  committee  also  cautions  the  reader  to  bear  in  mind  that  a  profit 
^^ed  not  necessarily  be  looked  for  by  the  locality  or  municipality 
^^tablishing  the  sewage  farm,  but  that  the  farmer  may  be  expected 
^  reap  profits  from  the  operation.  As  to  the  sludge  from  precipitation 
t^J^ocesses,  it  is  pointed  out  that  from  the  manurial  point  of  view  it  is 
P^  low  and  uncertain  commercial  value;  that  the  cost  of  its  conversion 
^to  a  valuable  manure  will  preclude  the  attainment  of  any  adequate 
^tums  for  the  outlay  and  working  expenses  connected  therewith, 
^^d  that  means  must  therefore  be  used  for  getting  rid  of  it  without 
^ference  to  possible  profit. 

In  1882  the  Queen's  commission  was  again  issued  to  what  is  known 
^  the  Royal  Commission  on  Metropolitan  Sewage  Discharge.  The 
^pe  of  this  commission's  inquiry  has  been  already  referred  to  on 
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page  31,  in  our  discussion  of  intermittent  filtration.  This  commis- 
sion reported  that  it  was  neither  necessary  nor  justifiable  to  discharge 
the  sewage  of  the  metropolis  in  its  crude  state  into  any  part  of  the 
River  Thames,  and  that  some  method  of  precipitation  should  be  used 
to  separate  the  solid  from  the  liquid  portions  of  the  sewage.  As  a 
preliminary  and  temporary  measure,  however,  the  liquid  portion  of 
the  sewage  remaining  after  the  precipitation  of  the  solids  might  be 
suffered  to  flow  into  the  river  at  a  period  between  high  water  and 
half  ebb  of  each  tide,  and  at  no  other  time. 

It  is  also  strongly  stated  that  the  liquid  so  separated  would  not  be 
sufficiently  free  from  noxious  matters  to  allow  of  its  being  discharged 
at  the  present  outfalls  as  a  permanent  measure;  it  would  require  still 
further  purification,  which,  according  to  present  knowledge,  could 
be  accomplished  efficiently  only  by  applying  it  to  land.     Because  of 
the  difficulty  of  obtaining  sufficient  area  for  irrigation  in  the  vicinity 
of  London,  the  commission  was  of  the  opinion  that  thLs  additional 
purification  could  be  best  effected  by  intermittent  filtration,  for  which, 
from  the  information  at  hand,  it  was  concluded  that  sufficient  area 
was  available,  at  any  rate  within  convenient  distance  of  the  northern 
outfall.     As  to  the  southern  outfall,  the  commission  was  unable  to 
state  from  its  investigations  the  quantity  of  available  land ;  in  c^ise 
of  insufficient  land  available,  the  clarified  effiuent  of  the  southeri 
outfall  was  to  be  conveyed  to  the  north  side  by  a  conduit  under  th. 
river. 

In  1892  the  Queen's  commission  was  again  issued  to  what  is  knoi 
as  the  Royal  Commission  on  Metropolitan  Water  Supply,^  which  wi 
charged  with  inquiring  into  the  present  source  of  supply  of  tl 
metropolis  and  as  to  whether  the  quality  and  quantity  were  adequat^--cJ 
etc.  This  commission  included  among  its  members  such  eminei 
sanitarians  as  Sir  George  Bartley  Bruce,  George  H.  Hill,  and  Jam( 
Mansergh.  In  summing  up  the  matter  this  commission  said  that 
possible  vigilance  should  be  exercised  to  prevent  unnecessary  coi 
tamination  of  the  rivers  Thames  and  Lea  and  their  respective  tribi 
taries,  as  well  as  to  insure  the  thorough  treatment  of  all  sewag' 
before  it  is  allowed  to  pass  into  the  rivers,  by  the  most  efficacioiP'  ^^ 
methods  that  experience  and  science  may  dictate. 

The  Royal  Commission  on  Metropolitan  Water  Supply  also  remarks  ^ 
that  advances  had  been  made  during  the  past  twenty-five  years  in  tW*'^ 
construction  of  sewage  works  in  the  valleys  of  the  Thames  and 
that  where  such  works  had  been  constructed  on  an  efficient  syste 
the  sewage  could  be  so  dealt  with  at  all  times,  except  those  of  floo< 
that  the  effiuents  were  clear  and  innocuous.  It  should  be  borne  r: 
mind  that  this  opinion  is  expressed  by  a  commission  which  includ( 


» Metropolitan  Water  Supply,  Report  of  Royal  Commission  on,  6  volumes,  general  report,  m:^—  ^^ 
utes  of  evidence,  appendices,  index,  plans,  etc.,  4",  London,  1898.  The  most  recent  andext^^^'' 
sive  information  as  to  pollution  of  streams  and  its  effect  on  the  water  supply  of  the  metropo^^^ 
as  applied  to  the  rivers  Thames  and  Lea,  from  which  that  supply  is  drawn. 
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in  it«  membership  some  of  the  most  eminent  sanitarians  of  the  present 
day,  and  that  the  streams  into  which  the  sewage  effluents  pass  are  the 
sources  of  the  water  supply  of  the  largest  city  in  the  world. 

In  1874  Sir  John  Hawkshaw  was  commissioned  to  inquire  as  to  the 
pollution  of  the  River  Clyde  and  its  tributaries  and  how  far  the  sewage 
refuse  from  the  towns  and  manufactories  could  be  utilized  and  got  rid 
of  without  running  into  streams,  etc.     In  his  report  it  is  pointed  out 
very  forcibly  that  those  who  own  and  manage  manufacturing  estab- 
lishments have  them  wholly  under  control,  and  that  they  can  therefore 
provide  and  enforce  the  necessary  provisions  and   regulations  for 
removing  the  nuisances  which  they  so  often  create,  and  that  by  reason 
of  this  fact  there  can  be  no  necessity  for  the  fecal  matter  from  such 
establishments  being  passed  into  the  streams.     He  also  points  out,  as 
has  been  done  by  a  number  of  other  commissioners,  that  wherever 
lai^e  x)opulations  are  gathered  and  numerous  manufactories  exist  on 
the  banks  of  any  river,  combined  action  should  be  taken  to  secure  the 
waters  of  the  stream  from  pollution  as  far  as  practicable.     As  a  mere 
matter  of  fairness  the  manufactories  and  all  works  and  establishments 
similarlv  situated  should  be  treated  alike. 

In  1875   the  president  of  the  English  Local  Government  Board 
requested  Robert  Rawlinson  and  Clare  Sewell  Read  to  report  to  the 
board  as  to  the  several  modes  of  treating  town  sewage.     The  report, 
submitted  in  1876,  is  one  of  the  most  valuable  contributions  to  the 
^terature  of  sewage  disposal  thus  far  made.     Among  the  conclusions 
-Messrs.  Rawlinson  and  Read  point  out:   (1)  That  the  scavenging, 
^Wering,  and  cleansing  of  towns  are  necessary  for  comfort  and  health, 
^'id  involve  in  all  cases  questions  of  how  to  remove  town  refuse  in 
^4^  safest  manner  and  at  the  lowest  expense.     (2)  That  the  retention 
**^^  any  lengthy  period  of  refuse  and  excreta  in  private  cesspits  or  in 
^^^sspools,  or  at  stables,  cowsheds,  slaughterhouses,  or  other  places  in 
^•he  midst  of  towns,  must  be  utterly  condemned.     *    ♦     *     (3)  That 
^*he  sewering  of  towns  and  the  draining  of  houses  must  be  considered 
^  prime  necessity  under  all  conditions  and  circumstances.     *    *    * 
^'^)  That  most  rivers  and  streams  are  polluted  by  the  discharge  into 
^hem    of   crude    sewage,   which    practice    is   highly  objectionable. 
v^)  That  as  far  as  they  have  been  able  to  ascertain,  none  of  the  exist- 
^^g  modes  of  treating  town  sewage  by  chemicals  appear  to  effect  much 
^hange  beyond  the  separation  of  the  solids.     *     *     *     (6)  That  so  far 
^^    examined  none  of  the  manufactured  manures  made  by  manip- 
^^Hting  town  refuse,  with  or  without  chemicals,  pay  the  costs  of  treat- 
ment.    *    *     *     (7)  That  town  sewage  can  best  and  most  cheaply 
*^  disposed  of  and  purified  by  the  process  of  land  irrigation  for  agri- 
^^tural  purposes  where  local  conditions  are  favorable  to  its  appli- 
^tion.     *     *    *     (8)  That  land  irrigation  is  not  practicable  in  all 
^^^«e8.     *     ♦     *     (9)  That  towns  situated  on  the  seacoast  or  on  tidal 
^uaries  may  be  allowed  to  turn  sewage  into  the  sea  or  estuary  below 
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the  line  of  low  water,  provided  no  nuisance  is  caused  and  that  such 
mode  of  getting  rid  of  sewage  can  be  justified  on  the  score  of  economy. 

The  foregoing  include  the  opinions  of  practically  all  the  leading 
sanitarians  of  England  for  the  last  thirty-five  years,  and,  as  will  be 
seen,  such  opinion  has  been  unanimous  that  the  preferable  mode  of 
purifjdng  town  sewage  is  by  application  to  land.  So  overwhelming 
is  this  evidence  that  we  must,  in  the  future,  consider  this  part  of  the 
subject  as  what  the  lawyers  call  res  adjudicata — a  proposition  abso- 
solutely  settled  and  no  longer  to  be  called  into  question.  The  prog- 
ress of  the  recent  views  to  which  we  have  already  referred  has  assisted 
in  taking  this  proposition  out  of  the  realm  of  controversy. 

In  passing  we  may  remark  that  similar  opinions  have  been  expressed 
by  German,  Italian,  and  French  Government  commissions;  but  these 
latter  all  fall  so  entirely  within  the  line  of  the  view  taken  by  the  sev- 
eral English  commissions  that  it  is  unnecessary  to  cite  them  here, 
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Pig.  6.— Bidge>and-furrow  beds,  with  cropping. 

the  more  especially  because,  sewage  disposal  having  originate 
England,  the  commissions  of  other  countries  have  in  their  repo 
essentially  followed  the  English  views. 

METHODS   OF   APPLYING  SEWAOK. 


As  already  stated,  the  methods  of  applying  sewage  in  broad  irri 
tion  are  substantially  those  of  ordinary  irrigation,  with  the  exception 
of  the  necessity  for  closer  attention  to  the  detail.     The  princix^^^ 
special  systems  of  irrigation  used  in  sewage  farming  are  knowm.  «•*» 
(1)  the  ridge-and-furrow  or  bed  work  system  and  (2)  the  catch  w-orA' 
system.     Great  variations  from  these  two   systems   may,  howe\^^''> 
allowed.^ 

Figs.  6  to  13  illustrate  a  number  of  different  methods  of  applying 
the  sewage.     We  may  also  refer  to  the  pipe-and-hydrant  system,  f^ 

'  For  metbodH  of  laying  out  land  applicable  to  sewage  farms,  see  Lea  Irrigations,  by  A- 
Ronna  (3  volumes,  9P).  Tbis  is  tbe  most  recent  of  the  French  text-books,  and  treats  the  prei>ara- 
tion  of  land  in  full  detail. 
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well  as  to  the  level-bed  system,  used  when  the  filtration  areas  for 
intermittent  filtration  are  utilized  for  raising  crops. 

In  laying  out  land  for  the  ridge-and-f urrow  system  a  series  of  slope 
beds  are  prepared,  along  the  top  of  which  supply  carriers  are  laid, 
which  are  formed  with  level  edges,  so  that  the  water  flows  over  in  a 
thin  film  and  so  on  down  over  the  slope  beds  with  uniform  depth. 
Such  ridges  are  made  in  couples,  with  the  slopes  varying  from  1  in 
50  to  1  in  150.     The  amount  of  slope  to  be  given  in  any  particular  case 
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Pig.  7.— Plan  and  sections  of  ridge-and-furrow  irrigation  (Bonna,  p.  438). 

ff 

^8  purely  a  matter  of  judgment,  in  which  the  controlling  factor  is  the 
Porousness  of  the  ground  to  be  irrigated,  the  object  of  the  slope  being 
*o  insure  that  the  water  reaches  in  sufficient  quantity  all  parts  of  the 
^  to  be  irrigated.  Common  dimensions  of  the  beds  are  a  total 
"i^adth  of  from  30  to  40  feet,  or  a  breadth  of  slope  on  each  side  of  the 
^dge  of  from  15  to  20  feet,  although  in  exceptional  cases,  depending 
On  just  the  use  to  which  the  beds  are  to  be  placed,  the  beds  may  be 
^ade  larger.     The  length  may  be  any  convenient  dimension  suited 
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to  the  contour  of  the  area  prepared.  Land  under  such  beds  may  be 
underdrained  in  accordance  with  the  rules  for  underdraining  which 
apply  in  ordinary  farming,  though  in  deciding  whether  or  not  to 
fully  underdrain  any  given  area  it  should  be  remembered  that  drain- 
age increases  the  porousness  of  the  soil.^ 

At  the  foot  of  the  slopes  a  furrow  is  formed,  which  receives  any 
sewage  not  absorbed  in  the  passage  over  the  beds  and  conducts  it 
away  to  another  and  lower  series  of  beds  or  to  the  outfall,  as  the  case 
may  be.  Ordinarily  the  surface  water  of  one  irrigation  should  ^ 
passed  over  several  beds  in  order  to  insure  thorough  purificatio"ft- 
This  is  especially  important  where  the  beds  are  made  of  the  sizes  in.^' 
cated  in  the  foregoing.     The  thorough  removal  of  the  water  at    ^^ 
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Pio.  8.— Double-bed  rldge-and-ftirrow  irrigation,  with  direct  or  secondary  Irrigation  on 

lower  bed  (Ronna,  p.  440). 

foot  of  the  slopes,  as  well  as  the  prevention  of  water-logging  of  tlw-  '^ 
land,  is  insured  by  making  a  furrow  at  the  foot  of  the  slopes  of  ampl^  '^ 
dimension  and  with  fall  enough  to  produce  quick  drainage.     Figs.      ' 
and  8  show  the  arrangement  of  the    ridge-and-furrow  system  c^^ 
irrigation. 

In  the  catch  work  system,  which  is  more  especially  adapted  to  ste&'P 
and  irregular  land,  the  liquid  is  delivered  at  the  highest  point  of  tti^ 
area,  the  same  as  with  ridge-and-furrow,  a  main  carrier  with  level  lip 

» French,  Henry  P. :  Farm  Drainage;  The  Principles,  Practice,  and  Methods  of  Draining  Land, 
etc,  12°,  New  York,  1884.  Waring,  Col.  George  E.,  jr.:  Draining  for  Profit  and  Draining  to'' 
Health,  2d  ed.,  12°,  New  York,  1883. 
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he  lower  side,  along  the  highest  contour,  permitting  the  irrigation 
Br  to  overflow  the  edge  when  dams  are  placed  temporarily  at 
CHS  points  on  its  course.  At  some  distance  lower  down  a  catch 
»r  is  formed  on  the  contour,  into  which  the  unabsorbed  overflow 
he  main  carrier  is  caught  as  it  flows  downward.  A  damming  of 
catch  gutter  at  suitable  intervals  causes  it  to  overflow  to  the  sec- 
,  the  same  as  in  the  case  of  the  main  carrier,  and  so  on  down  to 
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Fio.  9.— Catchwork  system  of  irrigation. 

lowest  contour  of  the  area  irrigated.  The  detail  of  this  operation 
lustrated  by  fig.  9. 

ceording  to  Mr.  Bum,^  the  great  difference  between  the  ridge-and- 
•ow  system  and  the  catchwork  system  is  in  the  laying  out  of  the 
md.  In  the  catchwork  system,  although  the  natural  inclination 
he  ground  is  taken  advantage  of  in  the  most  direct  and  simple 
iner,  still  a  considerable  inclination  is  necessary  for  its  successful 
lication.     The  ridge-and-furrow  system,  on  the  other  hand,  is 

am,  R.  Scott:  Outlines  of  Modern  Farming,  6th  od.,  ISP,  London,  1888.  Treats  extenslTely, 
ig  other  subjects,  of  the  utilization  of  town  sewage,  irrigation,  etc. 
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more  especially  applicable  to  flat  ground,  such  as  is  usually  foui 
valleys  or  along  the  banks  of  rivers.  In  this  system  the  nece 
inclination  is  given  by  artificially  throwing  up  the  ridges,  anc 
skill  with  which  one  part  is  taken  advantage  of  to  make  up  the 
ciencies  of  another  part  will  determine  the  degree  of  economical 
cess.  Generally  speaking,  the  catchwork  system  is  much  ch< 
than  the  ridge-and-furrow  system,  and  at  the  present  time  the  i 
and-furrow  system  is  only  used  where  the  ground  is  exceeding! 
or  where  for  some  special  purpose  the  catchwork  system  is  deem 
be  specially  undesirable. 

Mr.  Bum  calls  attention  to  certain  points  to  be  observed  ii 
ing  out  beds  for  the  ridge-and-furrow  system,  as  follows:   If 


Fig.  10.— Distribation  system  adapted  to  irregular  land  (Ronna,  p.  38S). 

intended  for  permanent  meadow  has  a  covering  of  sod,  this  shou 
removed  by  cutting  into  strips  some  15  or  18  inches  wide  and  pL 
carefully  at  one  side.  The  inclined  beds  should  next  be  made 
the  levels  properly  adjusted;  then  the  channels  of  supply  an( 
drains  for  leading  off  the  water  when  used  should  be  marker 
Cutting  out  of  these  may  then  be  proceeded  with,  taking  ca 
beginning  the  leading  channels  of  supply  that  the  soil  taken  out 
these  and  the  drains  be  carefully  spread  over  the  inclined  sur 
After  the  channels  are  all  cut,  if  the  ground  is  to  remain  do^ 
meadow,  the  turf  may  be  replaced.  This  work  should  be  done 
care  in  order  to  prevent  irregularities  of  the  surface.  In  all  this 
the  point  to  be  observed  is  that  all  parts  of  specially  prepared  su 
shall  receive  their  due  supply  of  sewage.    If  hollows  are  left 
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sewage  will  be  likely  to  collect  therein  and  become  stap:nant.  Mr. 
Bum  expresses  the  opinion  that  the  objections  which  have  been  fre- 
quently raised  to  the  rankness  of  sewage-grown  grass  have  had  their 
origin  chiefly  in  the  badness  of  the  plan  adopted  for  applying  the 
sewage.  If  this  is  true,  it  is  obvious  that  the  small  additional  expend- 
iture necessary  to  prepare  the  ground  proi)erly  will  be  repaid. 

As  to  the  relative  costs  of  preparing  land  for  ridge-and-f urrow  irri- 
gation, it  has  cost  in  England,  in  some  cases,  as  much  as  from  $100 


^0.  IL— Double  system  of  contour  distribution  controUed  by  end  grates  (Ronna,  p.  306). 

^  1250  per  acre,  while  catchwork  systems  have  been  carried  out  for 
^^m  $10  to  $25  or  $30  per  acre.  The  difference  in  price  alone  would 
^^ad  to  the  use  of  the  catchwork  system  and  modifications  of  it  in 
^•^is  country. 

In  a  pipe-and-hydrant  system  of  distribution  a  series  of  pipes  is  laid 
*^rding  to  such  a  system  (depending  upon  the  topography)  as  will 
^luit  of  reaching  every  point  of  the  area  to  be  irrigated  with  sewage. 
Ponnerly  iron  pipes  were  used  for  this  purpose,  but  at  the  present 
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time  terra-cotta  or  vitrified  tile  pipes  are  quite  commonly  used.  In 
order  to  render  the  irrigation  of  the  field  as  convenient  as  possible, 
hydrants  are  placed  at  proper  points,  fitted  with  the  usual  coupling 
for  connecting  hose.  Sewage  is  forced  through  these  pipes,  either  by 
steam  power  or  gravitation,  as  the  case  may  be,  and  distributed  to 
the  surface  of  the  fields  by  means  of  hose. 

In  a  gravitation  system  a  receiving  tank  is  usually  placed  at  a  con- 
venient elevation  above  the  area  to  be  irrigated,  from  which  mains 
are  laid  to  different  parts  of  the  irrigated  area.     In  such  a  system  the 
power  with  which  the  sewage  flows  from  the  hydrants  is  necessarily 
fixed  by  the  height  of  the  tank,  but  in  a  pumping  system  the  pcwer 
can  of  course  be  varied  the  same  as  in  any  other  application  of  pump- 


Fio.  12.— Diatrlbution  adapted  to  irregular  ground  (Ronna,  p.  399). 

ing.     The  detail  of  arranging  such  systems  can  not  be  given  exc 
in  a  very  general  way,  because  of  differences  in  local  conditions,  t^ 
it  will  readily  present  itself  to  any  engineer  skilled  in  this  class 
work  when  the  necessary  preliminary  data  are  placed  before  him. 
England  a  large  number  of  pipe-distribution  systems  have  been  earn 
out,  while  in  this  country  the  distribution  at  the  Pullman,  lUinoi 
sewage  farm  is  effected  in  the  same  manner.     The  scarcity  of  wat 
in  southern  California  has  also  led  to  a  considerable  use  of  pipe  sj^ 
tems  therefor  the  distribution  of  ordinary  irrigation  water,  especial^ 
in  the  vicinity  of  Los  Angeles. 

One  of  the  most  complete  systems  of  this  kind  is  on  a  sewage  far  ^ 
at  Rugby,  England.     This  was  established  by  Mr.  G.  H.  Walker,  w 
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entered  into  an  arrangement  with  the  borough  of  Rugby  to  take  the 
town  sewage,  which  at  the  time  of  laying  out  the  farm  amounted  to 
aboutl60,000gallons  a  day.  All  cesspools  were  abolished  in  the  town, 
and  even  the  humblest  cottage  was  provided  with  water-closets,  so 
that  the  entire  refuse  of  a  population  of  7,000  was  delivered  into  the 
sewers. 

The  sewage  flows  from  the  town  into  an  open  brick  reservoir  50 
feet  in  diameter  and  12  feet  in  depth,  from  which  it  is  forced  by  steam 
pressure  into  a  system  of  cast-iron  pipes  led  over  the  farm.     The 


Pig.  13.— Distribution  adapted  to  a  field  with  ridgre. 

^^atest  elevation  to  which  the  sewage  is  pumped  is  about  60  feet 
^tove  the  reservoir,  although  a  considerable  portion  of  the  land  is 
^\er  20  feet  above  that  level,  and  some  of  it  as  much  as  20  feet 
^low.  The  engine  works  a  small  air  pump  for  the  purpose  of  agi- 
*^ting  the  sewage  in  the  receiving  reservoir  and  preventing  the 
deposit  of  solid  matters. 

The  distributing  pii)es  are  laid  over  420  acres  of  land,  chiefly  in 
Srass,  and  comprise  about  5^  miles,  or  about  691  feet  per  acre.  The 
^in  distributary  is  6  inches  in  diameter,  with  branches  3  inches  in 
^meter.     The  total  number  of  hydrants  is  66,  fitted  with  couplings 
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for  attaching  hose  from  time  to  time  to  distribute  the  sewage  in  1 
neighborhood  of  each.  The  works  originally  cost  about  $32  per  ac 
but  with  the  experience  gained  from  these  and  other  works  it 
believed  that  similar  works  could  now  be  carried  out  for  $25  or  1 
per  acre.  Probably,  by  the  use  of  terra-cotta  pipe  for  that  portion 
the  distribution  system  not  required  to  take  high  pressure,  the  c 


Fio.  14.— Section  of  intermittent  filtration  area. 


of  such  a  system,  with  favorable  topographical  conditions  and  a  la: 
area,  could  be  brought  within  $15  to  $18  per  acre.  The  cost  of  c 
tribution  is  stated  at  not  exceeding  1  cent  per  ton  of  sewage. 


Fio.  16.— Plan  of  arrangement  of  winter  drain  on  a  filter  area  with  absorption  ditches. 

In  preparing  intermittent  filtration  areas  for  the  growth  of  en 
level  filter  beds  are  made  with  low  embankments  around  them,  1 
area  varying  according  to  local  conditions  from  1  to  4  or  5  acres.  C 
riers  are  run  on  convenient  lines  for  supplying  sewage  to  these  b< 
at  suitable  intervals.  The  area  is  also  thoroughly  underdrained,  w 
the  drains  laid  at  least  5  feet  deep.     In  some  soils  a  slight  advantt 
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"will  be  gained  by  making  the  drains  as  deep  as  6  or  7  feet.  In  order 
to  grow  crops  npon  such  areas  the  surface  is  prepared  with  a  series 
of  absorption  ditches,  where  the  sewage  is  allowed  to  stand  until  it 
sinks  away  into  the  ground,  the  length  of  time  required  for  its  dis- 
appearance of  course  varying  according  to  the  permeability  of  the 
soil.  Absorption  ditches  are  illustrated  by  figs.  2,  3,  and  15.  On 
clean  sands,  as  exx)erimented  with  at  the  Massachusetts  experiment 
station,  it  was  found  that  very  large  doses  of  sewage  would  sink  into 
coarse  sands  in  a  very  few  minutes,  but  in  fine  sands,  especially  after 
they  had  been  a  long  time  in  use,  the  i)eriod  is  considerably  prolonged. 
In  some  cases  it  may  be  as  much  as  twenty-four  hours,  the  depth  of 
sewage  applied  of  course  entering  in  as  a  controlling  element. 
If  it  is  desired  to  dispose  of  sewage  on  filtration  areas  fitted  with 
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Pio.  16.— Cross  section  of  winter  drains. 

absorption  ditches  during  the  winter  season  in  extremely  cold  climates 
liable  to  heavy  snowfall*,  and  a  high  degree  of  purity  of  effluent  is 
'Quired,  the  ditches  may  be  covered  with  boai'ds,  somewhat  in  the 
Planner  already  described  for  the  experimental  sand-trench  area  at 
Lawrence.  Where  a  lower  degree  of  purity  of  winter  effluent  is  suffi- 
*i^nt,  the  areas  may  be  left  without  any  covering  at  all.  Experience 
^as  shown  that  the  sewage,  by  reason  of  reaching  the  fields  at  a  tem- 
perature considerably  above  freezing,  will  penetrate  beneath  the  snow, 
a  film  of  ice  freezing  on  the  under  side  thereof  and  the  process  of  filtra- 
^on  going  on  the  same  as  if  the  snow  were  absent,  except  that  the  low 
^^mperature  will  tend  to  decrease  the  activity  of  the  nitrifying  organ- 
isms.  This  case,  however,  is  provided  for  in  a  natural  wa.y.    As  shown 


58  SEWAGE    IRRIGATION.  Ino.3. 

I 

by  the  experiments,  the  tendency  in  winter  is  for  the  nitrogenous  raatr 
ter  to  store  itself  in  the  sand  by  what  in  effect  is  a  process  of  simple 
straining.  As  warm  weather  comes  on  in  the  spring,  nitrification 
again  resumes  its  sway,  with  the  result  of  finally  resolving  the  stored 
matter  of  the  cold  period.  We  have  here  a  very  interesting  illustra- 
tion of  the  fine  balance  of  forces  sometimes  existing  in  nature.  The 
nitrifying  organisms,  by  reason  of  susceptibility  to  temperature,  are 
enabled  to  carry  on  their  work  more  actively  in  warm  weather  than 
in  cold.  The  soil,  acting  as  a  simple  strainer,  strains  out  the  objec- 
tionable matters  in  cold  weather  and  stores  them  up  until  the  period 
of  activity  of  the  nitrifying  organisms  shall  have  again  come  round, 
when  these  minute  agents  again  successfully  perform  their  appointed 
work. 

BEST  CROPS  FOR  SEWAGE  FARMING. 

A  large  amount  of  study  has  been  directed  toward  the  question  of 
the  best  crops  for  sewage  farming,  especially  in  England,  with  the 
result  of  showing  that  in  that  country,  at  any  rate,  almost  any  crop 
which  can  be  raised  in  ordinary  farming  can  be  cultivated  on  properly 
managed  sewage  farms  with  good  effect.    Among  the  crops  ordinarily 
raised  we  may  mention  Italian  rye  grass,  seeds,  pasture,  potatoes, 
wheat,  oats,  barley,  mangolds,  carrots,  cabbage,  parsnips,  turnips* 
beans,  rhubarb,  celery,  peas,  lettuce,  and  corn.     In  southern  climat^^ 
the  yam  has  been  grown  to  good  effect  with  sewage  irrigation,  whil® 
in  southern  California,  orchards  are  successfully  irrigated  with  se^^"' 
age.    The  species  of  water  willow  known  as  osier  is  also  grown  exte^" 
sively  on  sewage  farms,  not  only  because  it  is  a  valuable  crop  in  tto^ 
vicinity  of  towns,  where  it  is  extensively  used  in  basket  making,  l>^*^^ 
especially  because  it  has  the  property  of  absorbing  large  quantiti  ^^ 
of  water.     The  American  water  weed,  anacharis,  is  also  a  very  grcF^^ 
feeder  and   will    assimilate    large  quantities  of  organic   impurit>3  * 
Among  other  water  plants  which  are  capable  of  absorbing  orgai^-^^ 
impurities  may  be  mentioned  duck  weed,  sedges,  common  reed,  flo 
ering  rush,  water  lilies,  liverwort,  water  cress,  etc.    There  is,  howev 
no  special  advantage  in  using  some  of  these  so  long  as  plants  havi^^^  ^ 
commercial  value  can  be  raised. 

At  the  Doncaster  sewage  farm  in  England,  in  addition  to  whef^^^ 
barley,  oats,  rye,  potatoes,  rye  grass,  clover,  meadow  grass,  and  osie 
considerable  quantities  of  small  fruits,  such  as  currants,  gooseberris^ 
and  raspberries,  have  been  successfully  cultivated.     At  Berlin 
chief  crops  are  rape  grown  for  seed  to  be  used  in  the  manufacture 
oil,  colza,  mustard,  carroway,  hemp,  and  the  cereals — wheat,  lye,  b 
ley,  and  oats — with  potatoes,  beets,  turnips,  cabbage,  and  vegetabl 
generally. 

In  the  irrigation  on  the  Plain  of  Gennevilliers,  at  Paris,  by  reas^^^ 
of  the  nearness  of  the  fields  to  the  city  of  Paris,  the  crops  produc^"^ 
are  chiefly  those  common  to  ordinary  French  truck  farming.    As  ^^^ 
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shall  see  farther  on  in  discussing  the  Paris  irrigation  problem,  very 
notable  success  has  been  attained  here  in  the  raising  of  all  ordinary 
garden  truck.  Undoubtedly,  however,  the  keeping  of  a  large  amount 
of  live  stock  and  the  production  of  beef  and  daiiy  material  is,  on  the 
whole,  the  most  important  branch  of  sewage  farming.  Italian  rye 
grass  in  suited  above  all  other  grasses  for  irrigation,  and  in  England, 
Scotland,  and  other  countries  yields,  with  sewage  irrigation,  prodi- 
gious crops  of  forage  of  best  quality.  Under  favorable  conditions  it 
has  yielded  as  much  as  60  tons  of  green  forage  per  acre  per  year.  In 
an  account  of  Italian  rye  grass  which  appears  in  Bulletin  No.  73  of 
the  North  Carolina  experiment  station  it  is  stated  that  Italian  rye 
grass  is  scarcely  hardy  north  of  Washington,  but  is  fully  hardy  in 
theCarolinas;  that  it  resists  drought  well,  but  requires  for  the  best 
results  a  deep,  moist,  rich  soil.  On  poor  soils  it  is  stated  to  be  of  lit- 
tle value.  The  growth  is  upright,  2  or  3  feet  high,  and  very  leafy. 
On  rich  soils  it  should  be  cut  eyery  three  or  four  weeks,  as  otherwise 
the  heavy  growth  is  apt  to  cause  the  grass  to  lodge  and  rot  at  the  base 
of  the  culms.  This  grass  shoots  early  in  the  spring  and  flowers  in 
May.  When  grown  for  seed,  it  yields  as  much  as  300  to  400  pounds 
per  acre,  worth  from  3  to  5  cents  per  pound. 

English  perennial  rye  grass,  the  seed  of  which  is  quite  similar  to 
that  of  Italian  rye  grass,  is  also  grown  extensively  in  England,  where 
it  constitutes  the  chief  grass  of  many  of  those  famous  pastures  which 
have  not  been  broken  up  or  reseeded  for  over  a  century.  It  forms  a 
very  thick,  compact  turf,  which  is  not  easily  broken  by  the  feet  of 
animals.  This  grass  may  be  grown  on  the  heavy  clay  soils  of  the 
South,  but  is  not  considered  as  fitted  for  the  conditions  of  agriculture 
in  the  North. 

The  seed  of  the  English  perennial  rye  grass  is  much  less  expensive 
than  that  of  the  Italian  rye  grass,  and  hence  is  frequently  used  as  an 
adulterant  of  the  latter.  The  seeds  of  such  weeds  as  are  common  to 
^et  meadows  are  also  frequently  largely  present  in  uncleaned  samples 
of  rye-grass  seed.  For  these  several  reasons  the  Italian  rye-grass 
seed  should  be  purchased  only  of  reputable  dealers  and  under  a 
guaranty  of  quality.  A  bushel  weighs  from  18  to  24  pounds.  When 
sown  alone,  it  requires  from  45  to  50  pounds  per  acre. 

Bulletin  No.  73  of  the  North  Carolina  agricultural  experiment  station 
also  states  that  Italian  rye  grass  is  one  of  the  best  grasses  for  temporary 
lays  on  good  moist  soil.  It  is  best  sown  alone  or  with  alsike  clover.  If 
sown  in  the  fall,  it  will  give  five  or  six  heavy  cuttings  in  the  succeed- 
ing year,  and  is  best  plowed  up  the  next  fall.  If  sown  in  the  spring, 
it  may  be  allowed  to  stand  the  second  season.  This  grass  has  often 
^en  used  in  small  quantities  in  mixtures  to  serve  as  a  nurse  for  the 
1^  permanent  and  vigorous  species,  but  it  is  now  generally  agreed 
that  this  is  not  the  best  practice,  as  the  luxuriant  growth  of  the  rye 
Rrass  is  likely  to  smother  out  the  grasses  it  was  meant  to  assist.     It 
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disappears  at  the  end  of  the  second  year,  leaving  the  ground  unoccu- 
pied for  weeds  to  come  in.  Italian  rye  grass  is  stated  as  very  exhaust- 
ing to  the  soil,  and  hence  becomes  especially  amenable  to  irrigation 
by  sewage.  According  to  the  experiments  of  the  English  Sewage  of 
Towns  Commission,  as  well  as  the  practical  observation  of  farmers  who 
have  tried  it  in  the  South  in  this  country,  its  value  for  feeding  is  verj' 
high.  When  grown  in  the  South,  in  ordinary  farming,  it  is  necessary 
to  reseed  it  every  second  year;  but  probably  with  sewage  irrigation 
it  could  be  carried  to  the  third  year,  the  same  as  the  ordinary  practice 
in  English  sewage  farming.  At  the  Berlin  sewage  farm,  where  a  con- 
siderable quantity  of  Italian  rye  grass  is  grown,  the  best  mixture  has 
been  found  to  be  timothy  and  rye  grass,  about  half  and  half. 

Clovers  and  alfalfa  are  also  crops  which  have  been  found  to  thrive 
well  on  moderate  sewage  irrigation  at  different  places,  especially  the 
latter.  This  will  grow  in  favorable  soil  anywhere  from  about  sea  level 
to  7,000  feet  elevation.  It  may  be  seen  very  commonly  in  the  valleys 
under  the  foothills  of  the  Colorado  and  California  mountains.  It  grows 
best  in  a  light,  rich,  sandy  loam,  underlain  by  a  loose,  permeable  sub- 
soil, and  its  development  is  considerably  influenced  by  such  condi- 
tions as  the  depth  and  warmth  of  the  soil,  the  depth  of  the  ground 
water  below  the  surface,  and  the  physical  character  of  the  subsoil 
generally.  Its  cultivation  has  been  most  successful  in  the  arid 
regions  of  the  West  and  Southwest,  where,  because  of  the  light  rain- 
fall, an  artificially  controlled  water  supply  is  commonly  used.  Expe 
rience  there  indicates  that  it  grows  better  under  irrigation  than  undei 
any  other  conditions,  as  in  this  way  the  quantity  of  water  exactlj 
suited  to  its  best  development  may  be  supplied.  Grood  drainage  h 
necessary,  as  otherwise  the  plants  are  likely  to  be  killed  by  an  excess 
of  water  either  in  the  soil  or  on  the  surface.  When  undergoing  irri 
gation,  water  should  not  be  allowed  to  stand  on  the  alfalfa  field  mort 
than  forty-eight  hours,  as  otherwise  the  ground  becomes  saturated 
and  the  plant  liable  to  be  drowned  out.  A  very  complete  account  o1 
alfalfa  may  be  found  in  Farmers'  Bulletin  No.  31  of  the  United  States 
Department  of  Agriculture. 

Before  the  modern  application  of  the  practice  of  ensilage  to  th< 
preservation  of  green  crops  came  into  use  one  great  difl&culty  in  th< 
management  of  sewage  farms  related  to  the  disposition  of  the  enor 
mous  green  forage  crops  which  sewage-irrigated  land  produces.  Witt 
ensilage,  however,  this  difficulty  is  entirely  done  away  with,  anc 
sewage  farming  may  be  considered  to  have  taken  by  its  use  a  ne\^ 
impulse.  Most  of  the  reiterated  objections  of  from  twenty  to  twenty 
five  years  ago  as  to  the  impossibility  of  operating  sewage  farms  at  « 
profit  have  been  removed,  and,  indeed,  ensilage  is  another  recenl 
new  application  through  which  sewage  farming  may  be  said  to  have 
taken  on  such  entirely  different  lines  of  development  as  to  rendei 
many  of  the  discussions  of  an  earlier  date  of  little  value. 
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In  eastern  countries  silos  have  been  used  for  preserving  corn  for 
many  hundred  years.  Underground  pits  are  stated  to  have  been 
used  by  the  wandering  tribes  of  Arabia  in  order  to  prevent  victorious 
enemies  from  obtaining  possession  of  food  supplies.  The  Moors 
brought  the  art  of  ensilage  into  Spain,  whence  it  found  its  way  into 
France  and  Glermany ,  and  finally  extended  to  England  and  the  United 
States,  in  which  latter  countries  its  use  has  mostly  grown  up  since 
about  1880. 

As  to  the  theory  of  ensilage,  it  may  be  remarked  that  if  green  crops 
are  left  exposed  to  the  air  for  any  considerable  space  fermentation 
begins,  and  if  left  unchecked  will  continue  until  putrefaction  sets  in 
and  the  crop  becomes  useless  for  feeding  purposes.  It  is  now  under- 
stood that  fermentation  is  produced  by  the  active  agency  of  bacteria. 
According  to  the  researches  of  Pasteur  there  are  certain  ferments 
which  continue  their  action  without  the  presence  of  oxygen;  such 
fermentation  is  called  putrefaction,  and  is  accompanied  by  the  pro- 
duction of  bad  odors.  It  is  the  opposite  of  nitrification,  which  takes 
place  only  in  the  presence  of  oxygen,  and  is,  when  working  to  the  best 
advantage,  entirely  unaccompanied  by  odor. 

Again,  all  putrefactive  fermentation  is  accompanied  by  the  pro- 
duction of  considerable  quantities  of  heat.  If  we  place  a  green  crop 
in  the  silo,  but  leave  it  freely  exposed  to  the  air  for  a  few  days,  it 
becomes  heated  to  a  temperature  of  from  125°  to  150°  F.,  at  which 
point  the  bacteria  are  killed  and  the  subsequent  fermentation  which 
would  otherwise  have  been  produced  by  them  is  arrested.  The 
material  so  produced  is  called  sweet  silage,  which  remains  aromatic 
by  reason  of  having  gone  through  merely  what  is  called  hay  fermen- 
tation. 

When,  however,  the  green  crop  is  put  into  the  silo  and  subjected 
to  procure,  with  the  exclusion  of  air  immediately  after  being  put  in, 
the  temperature  does  not  rise  above  about  100°  F.  At  this  point  the 
bacteria  are  not  killed  and  the  fermentation  proceeds  to  the  point  of 
forming  lactic  or  acetic  acids,  the  process  being  accompanied  by  the 
loss  of  some  of  the  saccharine  matters,  which  are  supposed  to  break 
vip  and  form  new  combinations,  passing  away  partly  as  gas.  This 
process  produces  what  is  known  as  sour  silage,  in  contradistinction 
to  the  kind  which  is  termed  sweet.  Cattle  soon  learn  to  eat  either 
variety  with  avidity. 

We  will  not  take  up  space  to  describe  the  process  of  ensilage  in  this 
place,  but  simply  refer  the  reader  to  Bulletin  No.  32  of  the  United 
States  Department  of  Agriculture,  where  very  complete  detail  as  to 
the  construction  and  cost  of  silos,  as  well  as  to  crops  best  suited  to 
the  process,  may  be  found.     We  may  remark,  however,  that  the  most 
common  ensilage  crop  of  ordinary  farming  in  this  country  is  Indian 
com.    Over  a  large  part  of  the  United  States  from  15  to  20  tons 
of  clean  fodder  per  acre  can  be  grown  without  dif&culty  under  t,\x€ 


62  SEWAGE   IRRIGATION.  [wo.a 

conditions  of  ordinary  farming.  Considering  the  vigorous  growths  of 
Indian  com  produced  by  sewage  irrigation,  it  is  probable  that  expe- 
rience  would  soon  show  that  on  sewage  farms  from  two  to  three  times 
this  quantity  could  be  produced  by  growing,  say,  two  crops  on  the 
same  area  in  a  season.^ 

In  England  the  first  experiments  with  rye-grass  silage  were  made 
from  ten  to  fifteen  years  ago,  with  the  result  of  showing  that  there 
was  no  difficulty  in  preparing  the  rye  grass  for  winter  feeding  in  this 
way.  At  the  present  time  ensilage  is  regularly  used  on  nearly  all 
the  English  sewage  farms.  Experience  with  it  at  the  different  farms 
will  be  given  in  the  detailed  accounts  of  the  English  sewage  farms 
following. 

As  to  the  feeding  value  of  sewage-grown  grass,  we  may  refer,  for 
an  authoritative  exposition,  to  the  reports  of  the  English  Sewage  of 
Towns  Commission.  This  commission  experimented  extensively  on 
this  subject  and  gave  its  report  in  great  detail.  Among  other  points 
presented,  it  shows  that  very  large  quantities  of  milk  as  well  as  beef 
can  be  produced  from  cattle  fed  on  sewage-irrigated  grass,  and  that 
the  composition  of  the  milk  produced  varied  but  slightly  from  that 
produced  by  cattle  fed  on  ordinary  unsewaged  fodder.  The  milk 
from  the  sewage-grass-fed  cattle  was  slightly  less  rich  in  casein,  but- 
ter, and  sugar  than  that  from  those  fed  on  unsewaged  grass. 

In  an  experiment  with  oats,  in  which  135.5  gross  tons  of  sewage  were 
applied  per  acre,  the  gross  value  of  the  increased  produce  amounted 
to  mqre  than  10  cents  per  ton  on  the  sewage  employed;  in  another 
exi)eriment,  in  which  510  gross  tons  of  sewage  were  applied  per  acre, 
the  gross  value  of  the  increased  produce  amounted  to  3  cents  per  ton 
of  sewage  employed. 

In  the  immediate  vicinity  of  towns,  where  garden  truck  can  be  con- 
veniently disposed  of,  truck  farming  will  necessarily  be  an  important 
branch  of  this  special  department  of  irrigation.  When,  on  the  other 
hand,  the  sewage  farms  are  for  any  reason  situated  farther  away  from 
towns,  dairy  farming  and  the  raising  of  cattle  will  become  the  leading 
branches,  the  cattle  being  fed  on  green  forage  during  the  summer  and 
on  stored  roots,  such  as  mangolds,  beets,  swedes,  etc.,  and  rye  grass 
and  corn  silage  in  the  winter.  Working  intelligently  on  these  lines, 
it  is  believed  that  a  fine  profit  can  be  realized  from  such  farming  in 
almost  any  locality. 

QUANTITY  OP  SEWAGE  TO  BE  APPUBD. 

As  to  the  quantity  of  sewage  which  may  be  applied  per  acre,  the 
experiments  of  the  Sewage  of  Towns  Commission  indicated  varying 
amounts  ranging  from  400  to  500  gross  tons  per  acre  per  annum  on 

*  For  literature  of  ensilage  as  applicable  to  American  conditions,  see  Sewage  Disposal  in  the 
United  States,  pp.  257-250. 
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heavy  land  in  wet  seasons  on  ordinary  crops  to  about  9,000  tons  per 
^re  on  grass  plots. 

As  we  have  seen,  the  daily  average  sewage  in  this  country  will 
probably  be  at  least  80  United  States  gallons  per  head,  giving  the 
Annual  amount  of  sewage  per  capita  at  97  gross  tons.  On  this  basis 
the  range  of  application  per  acre  would  vary  from  the  sewage  of  5  to 
that  of  93  persons.  Include  some  additional  sewage  which  land  may 
be  expected  to  clarify  without  reference  to  the  results  of  cropping,  and 
we  may  take  from  50  to  150  persons  per  acre  per  year,  though  the 
quality  of  the  soil  may  be  expected  to  materially  influence  the  result. 
We  may  point  out,  however,  that  with  intermittent  filtration  areas, 
provided  by  the  towns  for  the  purpose  of  purifying  sewage  when  not 
needed  in  agriculture,  the  question  of  number  of  inhabitants  per  acre 
from  which  the  sewage  may  be  utilized  has  little  significance  further 
than  as  a  guide  in  estimating  the  probable  quantity  of  sewage  which 
each  farmer  may  be  expected  to  require  in  ordinary  seasons.  For 
completion  of  our  subject  we  may  give  in  detail  the  statistics  of  the 
quantity  of  sewage  utilized  on  a  number  of  the  foreign  farms,  drawing 
for  our  information  upon  the  paper,  "  Notes  on  European  practice  in 
sewage  disposal,"  by  Charles  S.  Swan,  M.  Am.  Soc.  C.  E.,  to  be  found 
in  Volume  VII  of  the  Journal  of  the  Associated  Engineering  Societies. 

From  the  tabulations  there  given  it  appears  that  at  the  Croydon 
Beddington  farm,  with  a  gravelly  soil,  the  volume  of  sewage  used  in 
broad  irrigation  may  be  as  great  as  3,860  cubic  feet  per  acre  per  day, 
which  amounts  to  an  average  depth  of  sewage  on  the  area  per  annum 
of  32.3  feet.  At  Doncaster,  with  sandy  or  gravelly  soils,  the  average 
application  is  395  cubic  feet  per  acre  "per  day,  amounting  to  a  total 
depth  on  the  area  of  3.31  feet  "per  annum.  At  Leamington,  with  a 
«oil  mostly  gravel,  the  average  application  is  546  cubic  feet  per  acre 
per  day,  amounting  to  a  depth  of  4.6  feet  on  the  area. 

At  the  Berlin  Malchow  farm,  with  a  heavy  soil,  the  average  applica- 
tion ranges  from  288  to  346  cubic  feet  per  day,  amounting  to  a  total 
depth  on  the  area  of  from  2.4  to  2.9  feet.  On  the  Berlin  Falkenberg 
farm,  with  a  heavy  soil,  the  average  application  is  483  cubic  feet  per 
acre  per  day,  amounting  to  an  average  depth  over  the  area  of  4  feet. 
On  the  Berlin  Osdorf-Grossbeeren  farms,  with  sandy  soils,  the  average 
-application  is  from  616  to  640  cubic  feet  per  acre  per  day,  amounting 
to  a  total  depth  for  the  area  of  from  5.2  to  5.4  feet. 

At  the  Paris  Grennevilliers  irrigation  area,  with  sand  and  gravelly 
soils,  the  market  gardeners  apply  about  1,305  cubic  feet  per  acre  per 
^y,  which  amounts  to  10.9  feet  over  the  area  per  year.  On  this  point 
attention  is  called  to  the  account  of  irrigation  at  Gennevilliers  on 
pages  93-98.  In  filtration  without  cultivation,  as  carried  on  at  Gen- 
^levilliers,  3,616  cubic  feet  per  acre  per  day,  or  a  total  depth  of  30.3 
feet  per  ann  um  over  the  area,  have  been  applied.  The  maximum  limit 
at  Paris  with  sandy  and  gravelly  soils  was  formerly  3,915  cubic  feet 
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per  acre  per  day,  which  amounts  to  32.8  feet  depth  over  the  area,  but 
during  the  last  few  years  even  larger  quantities  have  been  applied. 

THE  LIMIT  OF  TEMPERATUBE. 

Question  is  frequently  raised  as  to  the  temperature  limit  at  which 
the  purification  of  sewage  by  either  broad  irrigation  or  intermittent 
filtration  can  be  carried  on,  and  widely  varpng  opinions  have  been 
expressed.  The  last  few  years,  however,  have  furnished  a  consider- 
able amount  of  data  on  this  point,  which  enable  one  to  form  more 
definite  opinions  than  were  possible  formerly.  If  one  takes  a  map  of 
the  United  States  on  which  the  mean  winter  temperatures  at  the 
principal  cities  are  laid  down,  it  will  be  seen  that  the  curve  of  32** 
mean  January  temperature  (January  is  taken  as  being  the  coldest 
month)  passes  between  New  York  and  Philadelphia,  just  south  of 
Ck)lumbus  and  Indianapolis  and  St.  Louis,  and  just  north  of  Cincin- 
nati. It  also  passes  to  the  south  of  Dodge  City,  Kansas,  and  to  the 
north  of  Oklahoma ;  passes  south  of  Santa  Fe,  New  Mexico,  and  thence 
curves  north  through  the  State  of  Nevada  and  a  little  to  the  west  of 
Winnemucca.  The  curve  passes  about  through  the  middle  of  the 
State  of  Washington.  It  may  be  assumed  without  discussion  that  at 
all  points  south  and  west  of  this  line  the  temperature  difl&culty  will 
never  appear  in  connection  with  sewage  purification  by  the  land 
process.^ 

To  the  north  of  the  line,  however,  we  may  define  a  strip  of  country 
the  northern  limit  of  which  is  between  Boston  and  Portland,  and  to 
the  north  of  Albany  and  Oswego,  Rochester,  Buffalo,  Detroit,  Orand 
Haven,  Chicago,  Keokuk,  Dodge  City,  Denver,  and  Salt  Lake  City> 
within  which  limits,  with  proper  management,  sewage  purification  by 
the  land  process  may  be  carried  on  in  winter  without  serious  difficulty. 
In  the  portion  of  the  United  States  north  of  this  latter  limit,  probably, 
special  appliances  would  be  needed  for  a  successful  winter  purifica- 
tion. These  conclusions  are  based  upon  a  study  of  sewage  as  received 
at  purification  works  in  winter  in  comparison  with  soil  temperatures 
at  various  depths,  as  kept  at  a  number  of  sewage  farms,  as  well  as  at 
the  agricultural  experiment  stations  in  this  and  other  countries. 

Our  first  important  fact  is  that  the  mean  temperature  of  sewage  is 
much  higher  than  that  of  the  air.  At  Lawrence,  in  January,  1888,  the 
mean  temperature  in  the  main  sewer  was  46.5°  F.  The  mean  tem- 
perature of  the  air  in  January  was  15.46°  F.  In  1889  the  mean 
temperature  in  the  main  sewer  was  45.9°  in  January,  while  the 
mean  temj)erature  of  the  air  was  31.40°.  Similar  differences  of  tem- 
perature as  between  the  sewage  and  the  air  are  found  to  exist  in  other 
places.  This  considerable  difference  between  the  temperature  of  the 
sewage  and  of  the  air  is  sufficient  to  not  only  prevent  the  sewage  from 

>  For  map  illnstratinsr  the  foregoing  in  regard  to  temperature  curve,  see  Allen  flazen,  Filtra-' 
tion  of  Public  Water  Supplies;  New  York,  1806. 
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freezing  readily,  but  to  keep  the  ground  itself  open  and  free  from 
frost.  In  regions  of  large  snowfall  the  sewage  passes  under  the  snow, 
forming  a  crust  of  ice  on  the  under  side,  and  the  irrigation  goes  on 
through  the  unfrozen  soil  the  same  as  when  snow  and  low  temperature 
are  absent.  The  difference  in  the  degree  of  purification  attained  has 
already  been  discussed  in  the  foregoing  pages. 

As  to  how  the  sewage  retains  sufficient  heat  to  prevent  freezing  of 
the  ground,  we  have  to  consider  that  water  not  only  parts  with  its 
latent  heat  very  slowly,  but  even  after  the  freezing  temx)erature  of  32° 
F.  is  reached  every  pound  of  water  still  contains  142  heat  units,  which 
must  be  entirely  withdrawn  before  a  given  pound  of  water  can  become 
frozen  solid.  Another  reason  why  a  body  of  water  which  is  continu- 
ally receiving  accessions  of  water  at  considerably  higher  temperature 
than  the  mean  of  the  body  will  freeze  with  great  slowness  may  be  found 
in  considering  that  after  the  formation  of  an  ice  cover  the  loss  of  heat 
from  the  water  is  still  further  retarded  by  the  condition  that  it  can 
then  take  place  only  by  conduction  through  the  ice  cover,  which  has 
a  low  riate  of  conductivity,  thus  leading  to  still  further  retardation  in 
the  process  of  loss. 

The  quality  of  the  material  of  which  filter  areas  are  formed  will, 
however,  influence  somewhat  the  rate  of  loss  of  heat  in  cold  weather. 
According  to  the  classical  experiments  of  Schubler  on  the  physical 
properties  of  soil,  it  appears  that  the  relative  power  of  retaining  heat 
varies  greatly  in  different  soils.  According  to  his  experiments,  lime 
sand  required  three  hours  and  thirty  means  to  cool  from  145°  to  70° 
F. ;  clay  loam  cooled  between  the  same  limits  in  two  hours  and  thirty 
minutes;  heavy  clay  in  two  hours  and  twenty-four  minutes;  pure 
pray  clay  in  two  hours  and  nineteen  minutes;  garden  soil  in  two 
hours  and  sixteen  minutes;  humus  in  one  hour  and  forty- three  min- 
utes, while  water  required  thirty  hours  and  seven  minutes  in  cooling 
from  145°  to  70°  F.  The  conditions  were  the  same  for  all  of  these 
materials. 

Schubler's  experiments  also  show  that  black  soils  retain  their  heat 
better  than  those  which  are  white  and  light  colored,  and  that  this 
property  resides  almost  wholly  in  the  surface.  A  practical  applica- 
tion of  this  fact  may  be  made  by  constructing  the  broad  surface  of 
artificially  prepared  filtration  areas  of  dark-colored  sands  or  gravels. 

Temperature  observations  as  made  at  the  Berlin  sewage  farms 
show  that  the  mean  of  the  soil  temperatures  there  is  considerably 
ahove  that  of  the  air.  The  same  fact  has  been,  generally  speaking, 
brought  out  by  an  extensive  series  of  soil  temperatures  taken  at  the 
various  agricultural  experiment  stations  in  this  country,  although 
there  are  exceptions,  which,  however,  do  not  invalidate  the  general 
proposition. 

Without  presenting  the  full  information  upon  which  these  deduc- 
tions are  based,  we  may  say  that  generally  at  a  locality  with  a  mean 
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air  temperature  for  the  coldest  winter  months  not  lower  than  aTx>ut 
20°  to  25"^  F.,  and  with  sewage  distributed  to  a  purification  area  at  a 
temperature  not  lower  than  about  45"^  F.,  purification  by  the  land 
process  may  be  effected  without  serious  interruption  from  frost,  the 
winter  purification  being,  as  already  pointed  out,  less  than  that  real- 
ized in  summer.     If  the  mean  winter  temperature  falls  for  any  con- 
siderable length  of  time  much  below  20°  to  25""  F.,  there  will  probably 
be  trouble  from  frost.     By  reason,  however,  of  the  facility  with  whi^^l^ 
the  level  embanked  areas  of  the  filtration  process  may  be  operated  ^^ 
continuous  filters  during  extreme  cold  weather,  it  is  probable  thattl*-* 
filtration  process,  pure  and  simple,  may  be  operated  at  a  somewlB.^^ 
lower  temperature  than  the  broad  irrigation  process.     As  a  safe  lim-i^j^ 
the  lowest  mean  air  temperature  for  filtration  may  be  set  at  from  V  ^^ 
to  20°  F.  V^ 

The  foregoing  statements  as  to  practicable  mean  winter  tempei 
tures  are  to  be  considered,  however,  in  relation  to  the  quality  ai 
temperature  of  the  soil  used.     Before  deciding  as  to  just  what  can 
reasonably  expected  in  a  given  locality,  therefore,  one  should  have 
hand  a  statement  of  the  physical  properties  of  the  soil  as  well  as  t" 
mean  temperatures  of  the  coldest  months.     As  repeatedly  pointed  oi 
sandy  soils  are  preferable  for  both  irrigation  and  intermittent  filti 
tion.     As  regards  temperature,  this  preference  arises  not  only 
account  of  their  open  texture,  but  because  they  possess  greater  ca] 
ity  for  heat.     The  great  desideratum  of  successful  sewage  purificatii 
in  winter  is  a  medium  which  will  prolong  the  time  of  congelation, 
is  considered  that  sand  answers  to  this  requirement  better  than  a] 
other  material.^ 

COST  OF  LABOR  ON  SEWAGE  FARMS. 

When  examining  a  number  of  the  best>managed  sewage  farms      -^^^ 
England  in  the  fall  of  1894,  the  author  was  much  surprised  to  le&^ 
that,  generally  speaking,  somewhat  higher  wages  are  paid  on  sew^ 
farms  than  on  farms  of  the  same  character  in  the  immediate  nei| 
borhood,  and  one  reason  why  he  is  now  of  the  opinion  that  sewa-: 
farming  may  be  made  commercially  profitable  in  the  United  State*-    ^^ 
derived  from  the  consideration  that  the  wages  actually  paid  for  lat^^** 
on  many  of  the  English  farms  are  quite  as  high  or  even  higher  th-^*" 
the  present  rate  of  wages  for  farm  labor  in  many  parts  of  tl3is 
country. 

As  regards  a  comparison,  therefore,  between  the  English  sewi^^ 
farms  and  American  conditions,  the  frequently  urged  objection  thx^^ 
we  could  not  afford  the  large  amount  of  labor  required  here  certain-'j 
has  no  weight.     In  order  to  present  this  phase  of  the  question  i^ 

>The  reader  wishing  to  go  extensively  into  the  rela  t  ions  of  temperatnre  to  winter  pnriflca^ 
should  consult  Chapter  XVII  of  Sewage  Disposal  in  the  United  States,  on  ''  The  temperature  cf 
^e  air  and  of  natural  soils,  and  its  relation  to  sewage  purification  by  broad  irrigatiOQ  iO^ 
intermittent  filtration,**  where  an  extended  discussion  may  be  found. 
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some  detail,  the  author  is  enabled,  through  the  kindness  of  Mr.  S.  S. 
Piatt,  Assoc.  Mem.  Inst.  C.  E. ,  borough  engineer  at  Rochdale,  England, 
to  include  the  following  statements  as  to  the  actual  prices  paid  dur- 
ing 1895  at  a  number  of  the  English  sewage  farms.  This  information 
was  gathered  by  Mr.  Piatt  directly  from  the  managers  of  the  several 
farms: 

At  Birmingham,  with  an  area  of  1,300  acres,  222  men,  14  women, 
and  22  children  were  employed  as  an  average  during  the  year  1895. 
The  men  received  21s.  per  week,  the  women  10s.,  and  the  children  8s. 
On  similar  farms  worked  by  ordinary  methods  in  the  neighborhood 
men  received,  in  1895,  16s.  per  week,  women  9s.,  and  children  68. 

At  the  Burton-on-Trent  farm,  with  an  area  of  575  acres,  the  force 
employed  consists  of  4  wagoners,  at  20s.  each  per  week;  3  cow  men 
and  a  shepherd,  19s.  per  week;  24  ordinary  laborers,  at  17s.  per  week, 
and  7  laborers  attending  to  the  sewage  distribution,  at  23s.  per  week; 
2  foremen,  at  30s.  per  week,  one  of  them  being  furnished  with  a  horse 
in  addition;  1  weigh  clerk,  at  208.  per  week;  2  men  with  steam  culti- 
'vator,  1  at  27s.  6d.  per  week  and  1  at  21s.  per  week.  Four  boys  are 
also  employed,  1  at  4s.  per  week,  2  at  7s.  per  week,  and  1  at  98.  per 
^eek. 

At  the  Crewe  sewage  farm,  with  an  area  of  269  acres,  the  average 
labor  consists  of  20  men,  receiving  from  14s.  to  21s.  each  per  week.  On 
ordinary  farms  in  the  neighborhood  of  Crewe  common  labor  receives 
from  14s.  to  16s.  per  week. 

At  Croydon,  with  a  total  area  of  the  two  farms  of  630  acres,  the 
labor  employed  is  as  follows:  One  man  at  32s.  per  week,  1  at  308.,  1 
at  27s.,  2  at  268.,  2  at  25s.,  12  at  24s.,  2  at  23s.,  1  at  22s.  6d.,  8  at  21s., 
5  at  20s.,  1  at  19s.  6d.,  18  at  18s.,  3  at  17s.,  4  at  16s.,  2  at  15s.,  2  at  14s., 
and  1  at  13s.  6d.  The  total  number  of  men  employed  at  Croydon 
ifi  found  to  be  68,  and  the  average  weekly  wage  is  19s.  lOd.  per  week. 
^n  ordinary  farms  in  that  vicinity  the  wages  of  common  laborers 
^nge  from  18s.  to  20s.  per  week.     Carters  receive  23s.  per  week. 

At  West  Derby,  with  an  area  of  207  acres  farmed,  the  labor  varies 
&om  22  to  40  men,  according  to  the  season,  the  wages  paid  ranging 
from  lOs.  to  24s.  per  week.  On  ordinary  farms  in  the  vicinity  about 
^he  same  rates  are  paid.  The  head  foreman  receives  30s.  per  week, 
^Oia^ether  with  free  use  of  a  cottage,  garden,  and  coal.  Six  of  the 
^gular  farm  hands  are  also  furnished  with  cottages  and  garden  free. 
At  Northampton  the  total  area  farmed  amounts  to  688  acres,  the 
^bor  including  about  50  men,  25  women,  and  12  boys.  The  wages 
Paid  are  from  15s.  to  18s.  per  week  for  the  men,  10s.  for  the  women, 
and  from  58.  to  10s.  for  the  boys.  On  ordinary  farms  in  the  neigh- 
tK)rhood  the  wages  range  about  Is.  per  week  less. 

At  Nottingham  the  total  area  farmed  amounts  to  908  acres,  requir- 
^g  from  40  to  50  men  and  from  15  to  20  boys.  The  men  receive  from 
^48.  to  17s.  per  week  wages,  and  are  also  furnished  with  good  houses 
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and  large  garden,  rent  free.  Manure  and  seed  x)otatoes  are  also  fur- 
nished free.  The  boys  receive  from  4s.  to  lOs.  each  per  week.  On 
ordinary  farms  in  the  neighborhood  men  receive  12s.  to  15s.  per  week, 
without  house  and  garden,  and  boys  about  Is.  less  per  week  than  on 
the  sewage  farm.  On  the  sewage  farm  all  the  men  employed  are  paid 
extra  for  overtime  and  are  allowed  harvest  piecework  at  the  same 
rate  per  acre  as  strangers  who  are  not  found  houses. 

At  Oxford  the  total  area  farmed  is  370  acres;  the  amount  of  labor 
fluctuates  from  15  to  30  men,  according  to  the  season,  together  witii  2 
women  and  4  boys.  The  men  receive  from  12s.  to  158.  per  week, 
women  6s.  per  week,  and  boys  from  3s.  to  5s.  per  week.  On  ordinary 
farms  in  the  neighborhood  men  receive  from  lis.  to  128.  per  week  and 
women  6s.  per  week. 

At  Tunbridge  Wells,  on  the  north  farm,  consisting  of  191  acres,  1 
man  is  employed  flowing  sewage  at  £1  per  week  and  cottage,  5  labor- 
ers at  16s.  and  cottage,  1  laborer  at  16s.  per  week  without  cottage, 
and  1  boy  at  lOs.  per  week.  On  the  south  farm,  which  consists  of 
199  acres,  1  man  is  employed  flowing  sewage  at  £1  3s.  and  6d.  per 
week  and  cottage,  4  laborers  at  16s.  6d.  per  week  and  cottage,  1 
laborer  at  19s.  per  week  without  cottage,  3  at  158,  per  week  without 
cottage,  and  1  boy  at  9s.  per  week. 

At  Warwick,  with  an  area  of  134  acres,  10  men  are  employed  at  158. 
per  week  and  cottage.  On  ordinary  farms  in  the  vicinity  the  laborers 
receive  from  10s.  to  13s.  per  week. 

At  Wimbledon,  with  an  area  of  70  acres,  the  labor  varies  from  3  to 
8  or  10  men,  depending  upon  the  season.  The  price  of  labor  ranges 
from  21s.  to  30s.  per  week,  at  which  prices  it  is  stated  that  the  very  best 
men  of  the  vicinity  are  obtained.  The  amount  expended  in  wages  on 
this  farm  during  the  year  ending  March  31, 1896,  was  £639  3s.  2d. 

At  Wolverhampton,  with  an  area  of  600  acres,  the  labor  amounts  to 
about  22  men  and  3  boys,  the  men  receiving  from  18s.  to  20s.  per  week, 
and  the  boys  68.  Laborers  on  ordinary  farms  in  the  vicinity  receive 
about  the  same  price. 

Relative  to  the  cost  of  management  on  a  number  of  the  leading 
English  sewage  farms,  we  may  refer  to  a  return  showing  the  salaries 
and  emoluments  of  sewage-farm  managers,  etc.,  as  contributed  by 
Joseph  Gordon,  Mem.  Inst.  C.  E.,  borough  engineer  at  Lester,  which 
may  be  found  in  Volume  XV  of  the  Proceedings  of  the  Association  of 
Municipal  and  Sanitary  Engineers  and  Surveyors.  From  this  return 
it  appears  that  at  Birmingham  the  management  of  the  farm  is  in  the 
hands  of  a  general  manager  or  superintendent,  who  receives  a  salary 
of  £350,  with  use  of  horse  and  wagon.  At  Burton-on-Trent  the  mana- 
ger receives  a  salary  of  £150  per  annum;  at  Crewe,  a  salary  of  £160 
per  annum.  At  Croydon  the  manager  of  the  Beddington  farm  receives 
£220,  with  house  and  gas  provided.  The  manager  of  the  Croydon  Nor- 
wood farm  receives  a  salary  of  £156.     At  Northampton  the  manager 
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receives  a  salary  of  £250,  and  is  furnished  in  addition  thereto  with 
house  and  garden  and  horse  and  wagon. 

At  Nottingham  the  management  is  in  the  hands  of  the  farm  bailiff, 
who  receives  a  salary  of  £300  per  annum. 

At  Tunbridge  Wells  there  are  two  farm  bailiffs,  who  each  receive  a 
salary  of  £120  per  annum  with  house  and  garden  and  the  produce  of 
a  cow. 

At  Warwick  the  farm  is  managed  by  a  superintendent,  under  the 
direction  of  a  committee,  who  is  paid  £120  per  annum. 

At  Berlin,  as  stated  by  Mr.  Roechling  in  his  paper  on  ''The  sewage 
farms  of  Berlin,"  which  may  be  found  in  Volume  CIX  of  the  Proceed- 
ings of  the  Institution  of  Civil  Engineers,  the  labor  of  the  sewage  farms 
is  largely  performed  by  misdemeanants ;  that  is,  by  men  sent  for  various 
minor  offenses  to  the  city  house  of  correction.     In  1890  the  total  num- 
ber of  misdemeanants  employed  on  the  Berlin  sewage  farms  amounted 
to  737,  their  labor  costing  the  sewage  farm  about  13  cents  each  per  day. 
Besides  this  number  of  misdemeanants  a  large  number  of  free  laborers 
were  employed  on  the  farms  at  an  average  price  of  about  40  cents  per 
day.    By  observation  it  has  been  concluded  that  the  work  performed 
by  two  free  laborers  at  this  price  is  fully  equivalent  to  that  of  seven  of 
the  misdemeanants.     At  this  rate  it  is  clear  that  from  a  pecuniary  point 
of  view  there  is  no  saving  to  the  farm  management  from  the  employ- 
ment of  the  misdemeanants,  as,  at  the  rates  mentioned,  the  labor  done 
by  misdemeanants  at  a  cost  of  91  cents  per  day  is  performed  by  free 
laborers  at  a  cost  of  80  cents  per  day.     There  is,  however,  a  decided 
advantage  to  the  administration  of  the  house  of  correction,  which  is 
also  owned  and  managed,  as  well  as  the  sewage  farm,  by  the  city 
authorities.     As  a  matter  of  philanthropy  Mr.  Roechling  says  the 
employment  of  the  misdemeanants  may  be  also  highly  commended, 
as  it  gives  the  men  a  chance  to  acquire  regular  habits  while  undergo- 
ing their  punishment. 

In  considering  the  significance  of  the  price  of  labor  paid  in  England 
and  in  Germany  in  its  application  to  American  conditions,  it  must  be 
remembered  that  in  England  the  price  of  the  ordinary  crop  sent  to 
market  from  the  sewage  farms  will  compare  with  the  prices  prevail- 
ing in  the  United  States  very  much  in  the  same  way  and  in  the  same 
ratio  as  that  which  obtains  between  the  price  of  labor  in  the  two 
countries.     In  Germany,  on  the  contrary,  where  labor  is  considerably 
lower,  the  prices  of  produce  are  also  lower,  all  of  which  must  be  taken 
into  account  in  drawing  conclusions  as  to  the  possibilities  of  establish- 
ing sewage  farms  here.     In  France  the  price  of  labor  does  not  vary 
greatly  from  the  price  in  Germany. 

SANITARY  CONDITION  OF  SEWAGE  FARMS. 

There  has  been  much  discussion  at  various  times  as  to  the  sanitary 
condition  of  sewage  farms,  and  formerly  much  apprehension  was 
expressed  as  to  the  possibility  of  contaminating  not  only  the  well 
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waters  of  the  ijuirounding  areas,  but  also  the  atmosphere  in  the  vicin- 
ity. As  to  the  contamination  of  well  waters,  the  development  of  a 
clear  understanding  of  the  actual  facts  in  regard  to  nitrification  has 
gone  a  long  way  toward  relegating  this  particular  objection  to  sewage 
farming  to  the  region  of  exploded  objections,  which,  as  we  have  seen, 
is  now  occupied  by  a  large  array  of  the  arguments  of  the  opposition 
as  advanced  from  twenty  to  twenty-five  yeare  ago.  At  the  Berlin 
sewage  farm  the  effluent  is  so  pure  that  it  can  be  admitted  into  anj' 
water  course,  and  can  not  be  distinguished  by  the  senses  from  the 
clearest  spring  water. 

In  order  to  obtain  information  as  to  the  extent  to  which  sewage 
farming  may  affect  the  health  of  the  inhabitants  of  the  farms,  the 
Berlin  authorities  have  established  a  system  of  registration  of  all  cases 
of  sickness  and  death.  The  following  facts  bearing  upon  the  sanitary 
condition  of  the  farm  are  derived  from  Mr.  Roechling's  paper  already 
referred  to.  The  average  annual  i)opulation  to  which  the  figures 
apply  was,  during  the  five  years  from  1885  to  1889,  1,580,  of  which  986 
were  men,  285  were  women,  and  327  were  children  under  15  years 
of  age.  The  958  adult  male  population  included  850  misdemeanants, 
who  were  probably  impoverished  in  health  by  irregular  habits  of  life. 
The  records  show  that  the  death  rate  per  1,000  from  all  causes  was 
11.24  in  1885,  9.22  in  1886,  14.83  in  1887,  6.79  in  1888,  and  only  4.81  in 
1889.  Of  the  total  deaths,  16  per  cent  were  men,  9  per  cent  women, 
and  75  per  cent  children,  the  mean  rate  of  the  whole  five-year  period 
being  9.75.  The  death  rate  from  the  seven  principal  zymotic  diseases, 
smallpox,  scarlet  fever,  diphtheria,  typhoid  fever,  measles,  whooping 
cough,  and  diarrhea,  was  4.32  in  1885,  3.69  in  1886,  4.15  in  1887,  1.13 
in  1888,  and  nothing  in  1889,  the  mean  rate  during  the  period  from 
these  causes  being  2.53.  The  period  covered  by  these  statistics  is,  of 
course,  too  short  for  definite  conclusions  to  be  drawn,  although  it  may 
be  stated  that  the  same  low  rates  have  continued  until  the  present 
time.  If,  however,  statistics  mean  anything,  they  indicate  clearly 
that  the  conditions  of  this  farm  are  not  in  any  degree  unhealthful. 
It  may  also  be  stated  that  drinking  water  for  use  on  the  farms  is 
obtained  by  wells  sunk  at  the  points  where  water  is  required.  With 
one  exception  there  has  been  thus  far  no  indication  of  any  trouble 
with  these  wells.  The  reports  also  show  that  the  sewage  farms  do  not 
exert  any  detrimental  effect  upon  the  health  of  cattle  kept  upon  them 
or  on  the  adjoining  farms.  At  Berlin  it  is  even  said  that  the  small 
sickness  which  has  occurred  among  the  cattle  has  been  imported. 

The  question  of  the  sanitary  conditions  of  sewage  farms  was  exam- 
ined at  length  by  a  committee  appointed  by  the  Royal  Agricultural 
Society  in  the  sewage-farm  competition  of  1879,  to  which  we  have 
referred.  This  committee  concluded  that  sewage  farming  is  not  in 
any  degree  detrimental  to  life  or  health.  Statistics  presented  by  it 
show  that  the  rate  of  mortality,  on  an  average,  for  the  number  of  years 
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that  the  farms  considered  had  been  in  operation  does  not  exceed  3  per 
cent  per  annum,  the  result  comparing  favorably  with  that  obtained 
somewhat  more  recently  at  Berlin. 

We  are  obliged  to  conclude,  therefore,  that  properly  managed  sew- 
age farms  are  not  detrimental  to  health.^ 


NUMBER  OF  BACTERIA  IN  SEWAGE-FARM  EFFLUENTS. 

By  way  of  showing  the  degree  of  bacterial  purification  effected  by 
sewage  farms  we  may  refer  to  the  following  observations  made 
by  Prof.  E.  Ray  Lankester  on  the  sewage  and  effluent  of  the  Oxford 
sewage  farm,  England,  and  the  water  of  the  Oxford  River,  into  which 
the  effluent  from  this  farm  discharges.  These  observations  were  made 
on  the  given  dates  in  the  summer  of  1892.^ 

Comparison  of  number  of  bacteria  in  aeuxige  and  in  river  near  Oxford,  England, 


Sample  f  rom— 


Sewage 

Efflaent 

Riyer  above  effluent . 
Biver  below  effluent . 


Bacteria  per  cubic  centimeter. 


Jane  27. 


648,000 

42,000 

1,020 

900 


July  21. 


12,000,000 

20,500 

4,700 

11,000 


Jnly  28. 


1,688,000 
60,000 
14,300 
24,900 


July  28. 


1,688,000 
60,500 
24,300 
24,900 


Septem- 
ber 11. 


528,000 

27,000 

1,800 

9,072 


October  5. 


2,486,000 
27,000 
2,000 
14,580 


Professor  Lankester  states  that  the  most  important  fact  brought  out 
by  these  studies  was  that  the  species  of  bacteria  which  belong  charac- 
teristically to  sewage  {B.  coli  communis,  etc.)  were  not  found  in  the 
sewage,  but  only  fluviatile  species.  He  further  states  that  it  may  be 
asserted  in  a  general  way  that  the  effluent  contains  no  more  bacteria, 
nor  other  kinds  of  bacteria,  than  are  to  be  found  in  other  streams 
draining  from  agricultural  lands  in  the  neighborhood. 

SEWAGE  FARMING  IN  ENGLAND. 

Having  taken  a  rapid  review  of  the  general  subject  of  sewage  irriga- 
tion, it  is  now  in  order  to  briefly  describe  a  few  of  the  more  notable 
examples  of  sewage  farming  abroad  and  in  this  country.  First  may 
be  considered  the  English  farms,  and  then,  briefly,  those  of  Germany 
and  France.  Five  examples  are  given  from  England  typical  of  pre- 
vailing conditions,  these  being  the  Croydon  Beddington  farm  and  the 
I^eamington,  Birmingham,  Wimbledon,  and  Doncaster  farms.    There 

•See  paper  by  Dr.  Alfred  Carpenter,  of  Croydon,  read  before  the  Britiah  Medical  Association 
in  1888.  Dr.  Carpenter  lived  for  many  years  in  the  immediate  vicinity  of  the  Croydon  Bedding, 
^fann. 

•SUtement  by  Prof.  E.  Bay  Lankester  to  the  Boyal  Commission  on  Metropolitan  Water  Sup- 
ply Appendix  C,  61. 
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are  probably  more  sewage-purification  works  in  England  than  in  &iiy 
other  country,  but  they  all  present  merely  variations  in  details. 

In  regard  to  the  present  views  of  English  engineers,  sanitariaixs, 
and  sewage-farm  managers,  it  may  be  stated  that  the  consensas   of 
opinion,  as  it  appeared  to  the  author  in  1894,  was  decidedly  in  fav^or 
of  the  land  purification  process.    If  for  any  reason  it  is  necessary  tli»t 
the  effluent  from  sewage-purification  works  should  pass  into  a  strea^m 
which  is  the  source  of  a  water  supply,   the   further  consensus   of 
opinion  appeared  to  be  that  it  should,  before  receiving  the  land  treat- 
ment, be  clarified  to  the  extent  of  removing  all  of  the  suspended  arid 
a  small  portion  of  the  dissolved  matter  by  some  of  the  more  inex- 
pensive chemical  processes.     The  same  views,  it  is  believed,  are  now 
held  in  the  United  States  by  many  competent  engineers,  although 
the  effluents  from  high-grade  intermittent  filtration  areas  are  also 
unobjectionable. 

CROYDON-BEDDINGTON  FARM. 

Croydon  Borough  is  a  suburb  of  London,  with  a  stated  total  popu- 
lation of  about  115,000  to  120,000,  the  daily  flow  of  sewage  amounting 
to  an  average  of  4,500,000  gallons.     In  addition  to  the  Beddington 
irrigation  farm  the  borough  has  another  farm  at  Norwood.     The  area        i 
at  Norwood  is  stated  at  105  acres  and  that  at  Beddington  525  acres,        j 
making  a  total  area  of  630  acres,  of  which  about  525  acres  are  actu- 
ally under  cultivation.     Inasmuch  as  the  Beddington  farm  is  the  more 
interesting  of  the  two,  we  will  confine  our  description  entirely  to  it. 
At  Beddington  425  acres  are  in  irrigation,  the  balance  of  100  acres 
being  occupied  by  the  farm  buildings,  cottages,  roads,  and  the  ground 
too  high  to  be  reached  by  the  sewage,  which  is  delivered  upon  the  faru^ 
by  gravity.    The  buildings  upon  the  Beddington  farm  include  4  fari*^* 
houses,  superintendent's  residence,  and  14  cottages.     This  farm  w^ 
designed  and  laid  out  by  the  eminent  English  sanitary  enginee-^^ 
Baldwin  Latham.     When  irrigation  first  began,  in  1860,  the  origiit'^ 
area  was  much  less  than  at  present,  additions  having  been  made  fro   ^^ 
time  to  time  to  accommodate  the  growth  of  the  town  and  conseque^^^ 
increased  flow  of  sewage. 

A  considerable  portion  of  the  soil  is  an  open,  porous,  black  loacr  ^ 
from  6  to  10  inches  in  depth,  with  occasional  areas  of  a  light,  free,  op^^^l 
soil,  but  all  suitable  for  irrigation.     The  subsoil  is  gravel  and  sanr^ 


The  farm  has  a  gentle  slope  from  east  to  west  averaging  from  1  in  li 

to  1  in  250.     The  River  Wandle  flows  to  the  south  and  west  of  tlC^^ 


farm.  The  first  underdrains  were  laid  under  a  portion  of  the  fan 
about  fifteen  years  ago.  They  have  been  laid  wide  apart,  and  in  som^^^ 
cases  as  much  as  9  feet  in  depth ;  conductors  vary  from  4  inches  to  "^ 
feet.  The  chief  value  of  these  drains  is  that  they  help  to  dry  the  Ian--  ^ 
out  quickly  after  the  sewage  is  taken  off. 

The  slope  of  the  soil  of  this  farm  is  so  uniform  that  about  the  onl>^ 
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preparation  required  was  a  slight  adjustment  of  tlie  surface  by  rais- 
ing at  some  places  and  loweriag  at  others,  but  so  little  of  this  as  not 
to  cut  through  the  top  soil.  The  main  carriers  aloag  the  higher  por- 
tions of  the  farm  are  usually  of  concrete  about  3  feet  wide,  and  level 
or  nearly  level  where  the  ground  permits.  The  secondary  carriers 
are  also  in  some  cases  of  concrete.  The  small  distributaries  are  made 
with  a  plow,  a  furrow  being  laid  from  the  secondary  carriers  down  the 
line  of  greatest  descent  and  at  a  distance  from  each  other  of  from  40 
to  50  feet,  in  order  to  flow  the  sewage  over  all  portions  of  the  area  to 
be  irrigated.  Heavy  galvanized-iron  or  wooden  stoppers  are  used  at 
varying  distances  down  these  trenches.  For  this  work,  when  the  field 
is  undet^ing  irrigation,  a  man  passes  over  and  places  the  stops  at  each 


FlO.  17.— Dntdoor  enailage  of  rye  grtaa  ftt  Beddingtou. 


point  as  needed.  On  the  lower  side  of  each  field  there  is  a  collecting 
ditch,  into  which  the  effluent  water  passes.  The  arrangement  of  the 
farm  is  such  that  the  effluent  of  the  first  irrigation  is  passed  over  the 
fields  a  second  time,  and,  when  necessary,  a  third  time.  In  this  way 
very  efficient  purification  is  attained.  The  time  occupied  in  passing 
through  three  irrigations  is  stated  at  from  three  to  four  hours.  As  to 
the  to88  of  water  from  irrigation,  the  general  statement  is  made  that 
about  2  out  of  every  3  gallons  of  sewage  passed  onto  the  farm  flow  oft 
as  purified  effluent,  the  third  gallon  having  been  either  evaporated  or 
absorbed  by  the  land  or  growing  crop. 

The  principal  crops  raised  are  Italian  rye  grass,  pasture,  mangolds, 
and  other  root  crops,  osiers,  cereals,  and  cabbage.  Rye  grass,  the 
principal  crop,  is  stated  to  exhaust  itself  on  this  farm  in  about  three 
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years,  when  it  is  followed  by  a  crop  of  mangolds,  cabbages,  or  wheat 
and  oats,  with  a  return  after  that  to  rye  grass.  Five  or  six  cuttings 
of  rye  grass  are  grown  in  a  season.  Mangolds  yield  especially  well 
here.  Wheat  and  oats  are  grown  chiefly  for  the  straw.  Enough 
horses  are  kept  for  working  the  farm.  About  200  milch  cows  are  also 
kept  for  the  puri)ose  of  consuming  the  large  quantities  of  rye  grass 
and  roots  grown. 

As  to  the  purification  effected  at  Croydon,  no  analyses  appear  to 
have  been  made  in  recent  years.  From  a  series  made  after  the  farm 
had  been  in  operation  for  about  ten  years  it  is  concluded  that  the 
purification  attained  then  was  very  efficient. 

This  farm  was  visited  by  the  author  on  October  20,  1894.  At  that 
time  of  year  the  main  crops  had  been  removed,  although  fine  fields  of 
cabbage  and  mangolds  were  still  standing,  and  a  casual  glance  at  them 
indicated  the  successful  results  in  sewage  utilization  obtained  at  this 
farm.  The  last  cutting  of  rye  grass  of  the  season  was  in  progress  at 
that  date,  and  in  one  field  an  outdoor  rye  grass  ensilage  stack  was  in 
process  of  making,  as  illustrated  by  the  photograph,  fig.  17.  Several 
pasture  and  cut  lye-grass  fields  were  under  irrigation,  the  sewage  com- 
ing onto  the  same  black  and  filthy,  and  absolutely  without  any  pre- 
liminary straining  or  purification.  The  first  irrigation  showed  marked 
improvement;  the  second  showed  still  more  improvement,  and,  finally, 
after  the  third,  the  effluent  flowing  in  the  ditches  appeared  as  bright 
and  sparkling  as  any  stream  of  water  flowing  from  agricultural  lands. 
The  floating  matters  of  the  sewage  are  stated  to  have  never  given  any 
trouble  on  this  farm. 

Mr.  Greenwood,  the  farm  superintendent,  stated  that  100  acres  addi- 
tional had  just  been  purchased,  and  it  was  contemplated  to  purchase 
about  50  acres  more  in  the  spring,  making  the  total  area  of  the  farm 
when  this  is  done  about  675  acres.  During  the  year  1893  the  farm  is 
stated  to  have  paid  £3,000  more  than  all  cost  of  operation,  not  includ- 
ing, however,  interest  on  first  cost. 

As  to  the  cost  of  laying  out  this  farm,  it  may  be  remarked  that  by 
reason  of  the  use  of  concrete  carriers  and  distributaries  the  first  cost 
was  higher  than  would  now  be  considered  necessary.  At  the  present 
time  the  lajing  out  of  the  farm  could  be  accomplished  for  somewhat 
less  than  the  actual  cost  when  done  thirty-seven  or  thirty-eight  years 
ago.^ 

There  are  a  number  of  country  houses  along  the  highways  leading 
through  or  at  the  sides  of  this  farm.  The  author  was  accompanied 
on  his  visit  by  Lieut.  Col.  Alfred  S.  Jones,  V.  C,  a  well-known  English 
sanitary  engineer,  whose  residence  is  on  the  banks  of  the  River 

1  This  is  not  intended  as  in  any  degree  a  criticism  on  the  work  of  Mr.  Latham.  In  1858-1860,  when 
this  farm  was  laid  out,  we  had  mnch  less  knowledge  derived  from  experience  in  sewage  irrigation 
than  at  present.  Probably  the  leading  idea  was  to  make  permanent  work,  and  from  this  point 
of  view  the  work  most  be  considered  very  successful.  Since  1860  we  have  learned  that  sewage 
can  be  distributed  in  ordinary  earth  channels  equally  well,  thus  not  only  materially  decreasing 
the  first  cost,  but  rendering  it  easier  to  realize  a  profit  on  sewage-farm  investments  as  well. 
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The  preseut  flow  of  sewage  in  *et,  rainy  weather  ia  about  800,000 
gallons  per  day.  In  dry  weather  it  is  somewhat  less.  The  sewage  is 
to  be  pumped  only  between  sunrise  and  sunset,  except  that  in  the 
winter  months  pumping  may  begin  one-half  hour  before  sunrise  and 
continue  to  one  and  one-half  hours  after  sunset.  In  order  to  take 
care  of  the  flow  of  sewage  during  the  night  a  storage  tank  is  provided 
at  the  pumping  station  of  about  1,250,000  gallons  capacity,  or  enough 
to  hold  more  than  one  day's  flow,  which  receives  the  night  flow  and 
also  provides  for  contingencies. 

The  farm  is  under  the  charge  of  Mr.  Castle,  as  farm  bailiff,  who 
stated  that  the  farm  operations  had  been  in  every  sense  commercially 
successful.  As  a  matter  of  business  caution  he  declined  to  state  just 
what  proflts  had  been  obtained,  but  intimated  that  in  no  year  were 


Via.  IB.— Field  of  obtage  at  LeBmliiKtiin. 

they  less  than  8  per  cent.  The  crops  raised  are  rye  grass,  roots,  cab- 
bages, wheat,  oats,  and  barley.  The  grains  are  sown  in  rotation  after 
roots  and  cabbages,  and  are  not  themselves  irrigated  at  all,  the  hea\'y 
irrigation  of  the  preceding  crop  of  roots  being  relied  upon  to  support 
the  grain  crops.  About  150head  of  cattle,  mostly  thoroughbred  short- 
horns, are  kept  upon  the  place,  and  a  targe  amount  of  milk  is  sold, 
this  being  considered  of  superior  quality.  There  are  also  about  10 
acres  of  fruits  which  are  irrigated  lightly.  The  topsoil  of  the  farm 
is  black  and  porous,  with  a  gravelly  snbsoil  at  from  12  to  15  inches 
below  the  surface. 

One  of  the  most  interesting  points  learned  on  this  farm  was  in 
regard  to  the  process  of  ensilage.     Mr.  Castle  stated  that  they  had  for 
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several  yeara  made  rye-grass  ensilage  both  in  silos  »iid  in  stacks  in 
the  field  and  had  been  entirely  successful  in  both  ways.  The  most  of 
the  silage  is  made  sweet  or  without  salt,  but  in  onler  to  make  sweet 
silage  with  the  best  results  it  is  necessary  that  the  silo  be  filled  very 
quickly,  or  if  stacked  that  the  stack  be  completed  and  weighted 
within  one  day,  before  any  heating  begins.  The  statement  was  also 
made  that  during  1893  a  cubic  foot  was  cutout  of  one  of  the  silos  and 
fonnd  to  weigh  57  pounds,  at  which  rate  a  cubic  yard  would  weigh 
1,539  pounds. 

Sewage  is  delivered  to  the  different  parts  of  the  farms  in  a  few  lines 
of  main  carriers  of  vitrified  tile,  which  deliver  it  at  convenient  points 
into  weUs  provided  with  gates,  from  which  it  flows  out  into  dlstrib- 


Pra.  Id.— Stacks  of  Bewage-tmrm  whrat  at  Lenmiagton. 

nting  carriers  and  fi-om  there  into  the  secondary  distributaries  laid 
on  the  contours,  and  is  thence  flowed  over  the  land  by  spade  gates 
aft«r  the  usual  manner.  The  standing  crops  of  roots  and  cabbages 
were  very  fine  and  spoke  well  for  the  thoroughness  of  the  cultivation, 
as  well  as  the  efficiency  of  sewage  irrigation  as  practiced  on  this  farm. 
The  effluent  before  leaving  the  farm  is  passed  over  a  field  of  osiers, 
whence  it  flows  into  the  River  T.eam  bright  and  sparkling. 

The  following  details  in  regard  to  the  cropping  at  Leamington  have 
been  obtained  from  the  report  of  the  Royal  Agricultural  Society's 
committee,  made  in  1879 : 

Rye  grass  is  grown  both  for  sale  and  for  home  consumption.  It  ib 
not  allowed  to  stand  longer  than  two  years,  and  about  25  acres  are  sown 
each  year,  usually  in  the  autumn,  at  the  rate  of  3  bushels  of  seed  p©r 
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acre.    A  crop  sown  in  September,  1877,  was  cut  eight  times  in  l^T'S 
and  six  times  in  1879,  and  then  plowed  up.     In  1878  the  cutting-    of 
rye  grass  commenced  on  February  2.     In  1879  that  sown  in  1878  \i^?^«w 
first  cut  April  7.     The  first  cutting  yielded  4  tons  per  acre  of  gr&^^^x 
grass;  the  second  cutting,  June  4,  yielded  16  tons  of  grass  per  aex-^e; 
the  third  cutting,  on  July  8,  14  tons  of  grass  per  acre;  the  foui^l 
cutting,  August  14,  8  tons;  the  fifth  cutting,  September  14,  6  toixs; 
the  sixth   cutting,  October  6,   5  tons;  and  the  seventh  cutting,     in 
November,  2  tons  per  acre,  giving  a  total  yield  of  41  tons  of  groen 
grass  per  acre  for  the  year. 

Mangolds  are  also  grown  largely  on  this  farm.     The  seed  is  drilled,  ir 
rows  26  inches  apart  and  the  plants  are  hoed  out  to  10  inches  distance 
in  the  rows.     The  sewage  is  not  applied  until  the  plants  begin  to 
bulb,  when  they  are  irrigated.     In  1878  this  crop  received  21  dress- 
ings of  sewage  while  under  cultivation,  or  8,265  tons  of  sewage  per 
acre,  equivalent  to  an  irrigating  depth  of  81.8  inches  of  water  in 
addition  to  the  rainfall. 

Ordinary  cabbages  for  market  are  planted  on  the  level  in  rows  22 
inches  distance  and  the  plants  17  inches  apart  in  the  rows.  The  cab- 
bages are  irrigated  during  the  period  of  growth.  In  1878  one  field  in 
this  crop  received  17  dressings  of  sewage,  amounting  to  about  6,102 
tons,  equivalent  to  an  irrigating  depth  of  60.4  inches  in  addition  to  the 
rainfall.  Parsnips  are  grown  on  the  level,  6  pounds  of  seed  per  acre, 
drilled  in  rows  14  inches  apart  and  hoed  out  6  inches  in  the  row.  The 
crop  is  not  irrigated,  but  usually  succeeds  cabbage  or  second-year  rye 
grass  which  has  been  sewaged. 

Carrots  are  drilled  in  rows  on  the  level  at  14  inches  distance  and  ft^ 
hoed  out  to  from  4  to  6  inches  in  the  rows.     Six  pounds  of  seed  p®^ 
acre  are  sown.     The  crop  is  not  directly  irrigated  with  sewage,  b^^' 
like  parsnips,  succeeds,  either  directly  or  after  a  second  year,  a  cro? 
that  has  been  heavily  dressed  with  sewage. 

Potatoes  are  planted  in  drills  24  to  26  inches  apart  and  12  inel*^^ 
from  plant  to  plant  in  the  rows.     They  usually  succeed  rye  gt^^^ 
which  has  been  cut  the  full  number  of  cuttings  the  previous  y^^^* 
Potatoes  are  not  directly  sewaged  during  the  period  of  their  gro^*^*^* 
Rhubarb  is  one  of  the  permanent  crops  at  Leamington,  as  well  as  el^^ 
where.     It  costs  about  £50  per  acre  to  purchase  roots,  prepare   ^'^ 
ground,  and  plant  out,  and  the  crop  is  stated  to  realize  about  £40  iP^ 
acre  per  year.     The  plants  are  irrigated  with  sewage  during  the  per^^-^^ 
of  growth. 

A  large  acreage  of  wheat  is  grown  on  the  farm,  but  as  a  rule  ^^ 
under  the  influence  of  sewage.  Generally  the*  wheat  follows  8CptJ^^ 
crop  which  has  been  heavily  sewaged.  A  considerable  quantity  ^ 
oats  is  raised,  and  they  generally  yield  well.  This  crop,  like  whe^* 
is  not  directly  irrigated,  but  usually  succeeds  rye  grass.  Barley  ^ 
also  grown,  but  not  with  direct  sewage  irrigation,  following,  the  8&tc^ 
as  the  others,  crops  which  have  been  heavily  irrigated. 


j 


RAFTEB.]  SEWAGE    FARMING   IN   ENGLAND.  79 

Large  quantities  of  beans  are  grown  as  part  of  the  miscellaneous 
production,  and  which  are  not  directly  irrigated  with  sewage.  They 
usually  follow  some  root  crop  or  cabbage. 

Turnips  and  swedes  are  also  grown  on  this  farm.  Green  crop  tur- 
nix)S  are  sown  broadcast,  about  3  i)ounds  per  acre,  and  are  fed  off  on 
the  ground  to  sheep.  The  swedes  are  drilled  16  inches  apart  and 
hoed  out  to  9  inches  in  the  rows;  2  pounds  of  seed  are  drilled  per  acre. 
Sewage  is  used  for  irrigating  this  crop  to  a  moderate  extent.  Turnips 
and  swedes  usuallj'-  follow  either  wheat,  barley,  or  oats,  although 
occasionally  turnips  are  cultivated  after  rye  grass. 

Seeds,  such  as  clover,  trefoil,  and  alsike,  are  also  grown  to  some 
extent.  Clover  is  occasionally  irrigated  in  dry  seasons  with  moderate 
dressings  of  sewage.  Generally,  however,  the  seed  crops  are  not  irri- 
gated.^ 

BIRBnNGHAM  PRECIPITATION  WORKS  AND  FARM. 

The  sewage-purification  works  at  Birmingham  present  some  points 
of  difference  from  those  at  the  two  English  towns  already  considered. 
Thus  Croydon  and  Leamington  Springs  are  both  residence  towns 
purely,  with  a  sewage  consisting  of  ordinary  house  drainage  without 
any  manufacturing  wast^,  whereas  at  Birmingham  we  have  the  sewage 
of  a  large  residential  area  as  well  as  that  of  one  of  the  most  extensive 
manufacturing  districts  in  England. 

The  natural  drainage  of  this  district  is  into  the  River  Tame,  a  small 
stream  tributary  to  the  Trent.  At  an  early  period  the  passage  into 
these  streams  of  large  quantities  of  manufacturing  refuse  forced  upon 
the  Birmingham  cori)oration  the  necessity  of  considering  some  form 
of  sewage  purification.  In  1871  a  special  sewerage  inquiry  commit- 
tee of  the  Birmingham  common  council  reported  at  length  as  to  the 
best  means  of  treating  the  Birmingham  sewage  in  order  to  prevent 
the  serious  pollution  of  the  River  Tame  and  its  numerous  small  tribu- 
taries, which  at  that  time  threatened  the  corporation  with  damage 
suits  on  every  hand.  This  report  is  specially  referred  to  because  of 
the  thoroughness  with  which  the  inquiry  was  made  by  the  committee. 
It  is  included  in  a  volume  of  nearly  250  pages,  and  gives  in  succinct 
form  a  r6sum6  of  the  whole  question  of  sewage  purification  as  it  stood 
at  that  time.  The  committee  recommended  the  exclusion  of  manu- 
facturing wastes  from  the  sewers  and  the  purification  of  the  sewage 
itself  by  intermittent  filtration  through  the  land.  Subsequently  the 
report  of  the  committee  was  somewhat  modified;  the  manufacturing 
wastes  were  allowed  to  go  into  the  sewers,  and  a  crude  chemical  pre- 
cipitation treatment,  to  be  followed  by  broad  irrigation,  was  carried 
out. 

'Further  details  of  the  Leamington  farm  may  be  found  in  the  report  of  the  Royal  Agricol- 
^^^  Society's  committee  already  referred  to.  Extended  extracts  have  been  made  from  this 
'^Port  because  of  the  statement  made  by  Mr.  Castle  that  there  has  been  no  material  change  in 
theoaoagement  of  the  farm  at  Leamington  since  that  report  was  made  in  1879. 
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Following  on  this  line,  the  corporation  applied  to  the  Local  Govei 
ment  Board,  under  the  public  health  act  of  1875,  for  an  order  to  fo 
a  number  of  detached  urban  and  rural  sanitary  districts  into  a  unil 
district  for  the  purpose  of  sewage  disposal.  The  total  area  of  i 
drainage  district,  as  now  constituted,  is  47,275  acres,  with  a  stal 
population  in  1894  of  from  700,000  to  800,000. 


rLAN  OP 
BIRMINGHAM    TAME   AND  RCA 
DRAINAGE  DISTRICT 


Fio.  20.— Plan  of  Birmingham  Tame  and  Rea  drainage  district. 

Beginning  in  1880,  the  joint  board  of  the  Birmingham  Tame  and  R^ 
Drainage  District  began  the  purchase  of  land  for  a  sewage  farm,  ft^^ 
have  gradually  acquired,  up  to  1894,  an  area  of  1,300  acres  availaW< 
for  sewage  disposal.  Some  of  this  land  has  been  rented  at  the  ra^ 
of  £4  per  annum  per  acre,  while  the  cost  of  that  of  which  the  free 
hold  has  been  purchased  outright,  including  timber,  buildings^  nii* 
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rights,  tenants'  compensation,  etc.,  has  amounted  to  £152  per  acre. 
As  stated  by  Mr.  W.  S.  Till,  city  engineer  of  Birmingham,  all  this 
land  is  very  favorable  for  the  purification  of  sewage,  the  natural  sur- 
face being,  as  a  rule,  even  and  unbroken  and,  with  the  exception  of 
about  100  acres,  of  such  a  level  as  to  admit  of  irrigating  the  entire 
area  by  gravitation.  The  subsoil  is  gravel  and  sand,  varying  from  6 
to  10  feet  in  depth.  The  land  is  drained  to  a  minimum  depth  of  4.5 
feet,  but  in  many  cases,  owing  to  the  level  nature  of  the  area,  a  some- 
what greater  depth  has  been  found  necessary  at  the  lower  end  of  the 
drains.  The  drains  consist  of  3-inch  and  4-inch  agricultural  drain 
pipes  placed  from  about  45  to  65  feet  apart  and  discharging  into 
terra-cotta  main  drains  of  9-inch,  12-inch,  15-inch,  and  18-inch  diame- 
ter, which  in  turn  discharge  into  the  main  outfall  channels.  Roads 
12  feet  wide,  with  passing  places  at  intervals,  have  been  laid  out  in 
order  to  meet  the  various  requirements  of  cultivation,  as  well  as  for 
the  conveyance  of  produce.  Farm  buildings  have  been  erected  in  a 
central  position,  with  entrance  lodge,  manager's  house,  and  a  number 
of  laborers'  cottages.  Several  of  the  farm  buildings  and  houses  exist- 
ing upon  the  area  have  been  repaired  and  extended. 

The  method  of  treating  the  sewage  as  now  carried  on  is  described  by' 
Mr.  Till  substantially  as  follows:  The  sewage  on  arriving  near  the 
liming  sheds  at  the  upper  end  of  the  works  is  mixed  with  lime,  both 
to  neutralize  the  acids,  which  are  present  to  an  unusual  extent  in 
Birmingham  sewage  by  reason  of  the  large  amount  of  iron  manufac- 
turing, and  also  to  assist  precipitation,  which,  however,  is  stated  to  be 
xiot  necessary  to  so  great  an  extent  now  as  formerly. 

The  sewage  then  passes  through  large  roughing  tanks,  where  the 
ooarser  impurities  are  precipitated,  whence  it  passes  by  the  main  con- 
duit to  the  irrigation  area,  where  it  is  further  treated  by  ordinary  irri- 
gation on  crops.    In  order  to  remove  the  sludge  the  precipitating  tanks 
ajecut  out  in  regular  order  and  the  sludge  is  elevated  by  bucket  dredges 
and  pumps  into  movable  wooden  carriers,  in  which  it  flows  into  beds 
formed  in  the  land  in  the  vicinity  of  the  precipitation  plant.     As  it 
conies  from  the  tanks  the  sludge  contains  about  90  per  cent  of  water, 
t>nt  after  lying  on  the  ground  for  two  weeks  much  of  this  water  drains 
away  or  is  evaporated,  leaving  the  sludge  in  a  layer  about  10  inches 
tlick  and  of  a  consistency  which  admits  of  its  being  dug  into  land, 
^rops  are  then  planted  on  the  sludge  beds,  and  after  a  time  the  sludge 
^>ecomes  pulverized  and  capable  of  receiving  irrigation.    About  50 
*cres  of  land  per  year  are  required  for  sludge,  and  the  same  land  may, 
^  necessary,  receive  a  coating  of  sludge  once  in  two  or  three  years. 
The  amount  of  sewage  now  regularly  treated  is  about  22,000,000  gal- 
lons per  day.     The  controlling  board  farms  the  whole  of  the  land  itself, 
lio  portion  being  sublet. 

The  Birmingham  sewage  farm  was  visited  by  the  author  on  October 
^6, 1894,  and  some  facts  were  obtained  in  addition  to  those  stated,  which 
IRR3 6 
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are  derived  from  a  paper  on  the  work  of  the  Birmingham  Tame  and 
Rea  District  Drainage  Board,  by  W.  S.  Till,  C.  E.,  engineer  to  the 
board,  kindly  furnished  to  the  author  by  Mr.  Till  at  the  time  of  his 
visit.  As  one  fact  of  interest,  it  may  be  mentioned  that  the  men  doing 
the  work  of  digging  the  sludge  into  the  land  work  in  gangs  and  are 
paid  by  the  cubic  yard  of  sludge  actually  removed  from  the  tank  and 
dug  into  the  land.  Working  in  this  way,  they  make  from  28  to  30 
shillings  each  per  week.  The  cost  of  labor  at  Birmingham  and  vicin- 
ity has  already  been  given  on  page  67. 

According  to  a  statement  of  the  assistant  farm  manager,  Mr.  Henry 
Bumble,  the  land  receiving  sludge  is  now  allowed  to  remain  fallow 
until  after  the  following  winter,  when  it  is  plowed  and  put  into  rye 
grass,  to  be  followed  by  cabbage,  and  finally,  after  about  four  years, 
celery  is  grown  upon  the  land  which  has  received  sludge.  The  celery 
so  grown  is  of  fine  quality;  that  seen  growing  and  in  process  of  gath- 
ering was  the  largest  and  finest  celery  the  author  has  ever  seen.  The 
statement  was  also  made  that  the  celery  from  the  Birmingham  sewage 
farm  brought  a  slightly  higher  price  than  that  of  the  ordinary  market 
gardens  of  the  vicinity,  by  reason  of  its  superior  quality.  In  addition 
to  rye  grass,  cabbage,  and  celery,  crops  of  mangolds,  swedes,  kohl- 
rabi, green-top  turnips,  potatoes,  and  roots  of  various  kinds  are  raised. 
Large  amounts  of  milk  are  sold,  as  well  as  beef  cattle  and  swine. 
At  the  date  of  the  author's  visit  a  fine  herd  of  180  swine  was  observed 
on  the  farm. 

The  sewage  farm  itself  is  conducted  on  lines  similar  to  those  fol- 
lowed on  farms  previously  visited,  and  little  need  be  said  in  i*elation 
thereto.  The  precipitation  tanks  work  on  the  continuous  principle, 
and  are  arranged  in  the  usual  manner  for  cutting  out  in  order  to 
remove  the  sludge.  At  present  about  1,120  pounds  of  lime  are  used 
per  1,000,000  gallons  of  sewage  treated.  Taking  22,000,000  gallons 
as  the  mean  daily  flow,  we  have  then  a  total  daily  use  of  lime  of 
about  24,600  pounds. 

WIMBLEDON  PURIFICATION  WORKS  AND  FARM. 

At  Wimbledon  we  have  still  another  interesting  case  of  sewage 
purification,  which  differs  in  several  particulars  from  those  thus  far 
described.  This .  place  is  a  residential  suburb  of  London,  situated 
only  about  5  miles  southwest  of  Westminster  Abbey.  The  population 
is  estimated  at  26,000.  The  dry-weather  flow  of  sewage  amounts  to 
about  780,000  gallons  per  day.  The  average  wet-weather  flow,  which 
includes  a  considerable  amount  of  storm  water,  is  stated  as  about  50 
per  cent  greater.  The  soil  about  Wimbledon  consists  of  a  heavy 
clay,  on  which  it  is  impracticable  to  purify  crude  sewage  by  the 
ordinary  methods  of  land  treatment,  especially  in  a  dense  residential 
district  where  only  a  limited  area  in  a  single  body  can  be  found.  It 
became  necessary,  therefoi*e,  to  treat  the  sewage  by  a  crude  process 
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of  chemical  precipitation  or  clariflcatioD  before  applying  it  to  LancI 
in  order  to  bring  the  whole  treatment  within  the  Umit«  of  the  avail' 
able  area.     The  farm  consists  of  70  acres,  of  which  67  are  irrigated. 

The  works  have  been  designed  with  reference  to  first  applying 
the  treatment  with  lime  or  other  chemicals,  to  be  followed  by  broad 
irrifatioD.  Detail  as  to  the  chemical  part  of  the  treatment  may  be 
obtained  by  reference  to  Mr.  Crimp's  Sewage  Disposal,  from  which 
work,  as  well  as  the  reports  of  the  Wimbledon  local  board,  the  main 
statements  of  this  paper,  aside  from  those  gathered  by  the  author  on 
a  visit  to  the  fann  in  question  on  October  22,  1894,  have  been  taken. 

Aq  interesting  feature  of  the  works  at  Wimbledon  is  the  disposal  of 
the  sludge,  which  is  substantially  as  follows;  From  the  settling  tanks 


Fio.  SI.— Pile  ot  preoaed  alndge  at  Wlmbledoo. 

the  sludge  is  swept,  when  necessarj-,  into  a  sludge  reservoir,  whence  it 
gravitates  as  desired  into  iron  receivers.  Lime  is  then  thoroughly 
miied  with  it  and  air  pressure  applied  to  the  surface  of  the  sludge, 
which  is  thus  forced  up  through  an  iron  pressure  pipe  into  filter 
pnsses.  The  original  filter  presses  employed  were  made  by  Johnson, 
bnt  Mr.  Crimp  states  that  two  of  Goddard,  Massey  &  Warner's  now 
in  use,  of  recent  construction,  possess  improvements  in  detail  over 
Ihe  original  presses.  As  to  the  labor  of  sludge  pressing,  it  is  stated 
^t  the  working  expense  at  Wimbledon  amounts  to  about  59  cents 
P«r  ton  of  sludge  pressed.  It  should  be  said  that  while  two  men 
are  eonatantly  employed  at  the  work,  they  could  easily  press  much 
more  sludge  if  it  were  there  to  press.     The  cost  of  this  item  of  work 
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may  be  expected,  therefore,  to  decrease  as  the  production  of  sludge 
increases. 

The  sludge  is  pressed  into  cakes  and  is  stated  to  be  readily  sold  at 
the  works  for  about  Is.  a  ton.  Ten  tons  of  sludge  as  taken  from  the 
settling  tanks  is  reduced  to  2  tons  of  cake,  8  tons  of  water  being 
pressed  out.  The  total  quantity  of  sludge  produced  in  the  year  1892 
was  5,430  tons,  while  the  total  quantity  in  1893  was  5,344  tons.  It 
will  be  seen,  therefore,  that  during  those  two  years  the  flow  of  sewage 
must  have  been  substantially  the  same.  The  6  precipitating  tanks  in 
use  have  a  total  capacity  of  530,000  gallons. 

A  statement  of  the  annual  receipts  and  expenditures  in  connection 
with  the  sewage  farm  from  1883  to  1893,  inclusive,  as  derived  from 
the  annual  reports  of  the  Wimbledon  local  board,  shows  that,  even 
with  the  difficult  conditions  for  successful  utilization  prevailing  at 
Wimbledon,  the  sewage  farm  has  paid  a  small  profit  every  year  since 
it  was  started,  except  in  1892,  which  is  said  to  have  been  a  specially 
unfavorable  year. 

The  crops  grown  are  rye  grass,  mangolds,  osier,  and  garden  produce. 
The  great  decrease  in  the  number  of  cows  kept  in  and  about  London 
has  reduced  the  amount  obtained  at  present  for  rye  grass  to  a  much 
less  figure  than  formerly.  One  of  the  most  interesting  points  to  be 
noted  is  the  great  number  of  good  residences  located  near  the  farm. 
According  to  the  statement  of  Mr.  J.  Snook,  the  farm  manager,  no  com- 
plaints have  been  made  by  the  adjacent  residents  for  several  years. 

The  effluent  from  the  precipitation  tanks  is  fairly  clear,  while  the 
final  effluent  from  the  irrigation  is  bright  and  sparkling.  As  stated, 
the  soil  is  of  very  heavy  clay,  which  has  been  underdrained  6  feet  deep 
with  lines  of  drains  60  feet  apart.  The  upper  or  surface  soil  has  been 
lightened  by  mixing  ashes  with  it.  Ordinary  plowing  is  to  the  depth 
of  1  foot,  and  once  in  about  three  years  subsoil  plowing  to  the  depth  of 
2  feet  is  used.  Root  crops  and  cabbages  are  mostly  grown  in  ridges^ 
between  which  the  irrigation  is  made. 

As  originally  laid  out  there  were  a  number  of  obvious  errors  in  this 
farm  which  effectually  prevented  for  several  years  either  a  thorough 
purification  of  the  sewage  or  a  satisfactory  utilization  of  it  in  agricul- 
ture on  the  heavy  clay  soil.  At  the  present  time  the  ashes  of  the  town 
are  regularly  taken  out  upon  the  farm  and  mixed  with  the  top  soil  for 
the  purpose  of  lightening  it.  Filters  of  burnt  clay  have  also  been 
constructed  for  the  purpose  of  receiving  storm  waters  during  periods 
of  heavy  rainfall.  The  settling  tanks  are  also  provided  with  valves, 
by  means  of  which  any  excess  of  sewage,  due  to  sudden  storms,  escapes 
and  is  discharged  upon  these  filter  beds.  These  storm- water  filters 
are  used  on  an  average  from  eight  to  twelve  times  a  year. 

The  main  carriers  of  this  farm  are  composed  of  east-iron  pipes,  from 
which  the  sewage  is  drawn  as  desired  at  different  points  by  means  of 
ordinary  sluice  valves.     The  secondary  carriers  leading  from  the  cast- 
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iron  mains  are  either  concrete  or  stoneware  half  pipes,  laid  as  shown 
in  ^g.  5.  The  distributaries  are  laid  with  a  plow  and  finally  finished 
by  spade  labor.  As  a  general  rule  their  direction  is  that  of  the  great- 
est fall.  The  distributing  channels  are  cut  at  a  definite  distance  of 
33  feet  apart,  in  order  that  when  cutting  the  grass  the  laborer  may 
know  the  area  of  the  piece  he  is  cutting,  as  the  rye  grass  when  sold 
standing  is  disposed  of  by  the  square  yard. 

There  is  less  variety  to  the  crops  on  this  farm  tham  on  the  others 
described,  because  of  the  large  quantity  of  sewage  disposed  of  per 
area.  Italian  rye  grass,  mangolds,  and  osiers,  the  three  main  crops 
grown,  are  those  which  best  stand  large  quantities  of  sewage  without 
difficulty. 

Experience  on  the  heavy  clay  lands  of  this  farm  indicates  that 
ground  to  be  sown  with  rye  grass  should  be  plowed  deeply  in  the 
autumn  and  allowed  to  remain  in  the  furrow  during  the  winter,  in 
order  that  the  soil  may  be  broken  down  by  the  disintegrating  action  of 
frost.  There  is  no  objection  to  frequent  applications  of  sewage  during 
this  period.  As  early  as  practicable  in  the  spring  the  land  should  be 
pulverized  by  harrowing  and  the  rye  grass  sown  to  the  amount  of  not 
less  than  from  4  to  5  bushels  of  selected  seed  per  acre.  At  Wimbledon 
the  grass  grows  very  rapidly,  and  with  favorable  weather  the  first  cut- 
ting is  sometimes  made  within  eight  weeks  after  sowing.  The  cuttings 
immediately  succeeding  will  be  heavier  than  the  first,  the  plant  dete- 
riorating rapidly  after  five  or  six  cuts  have  been  removed.  For  the 
best  results  in  the  production  of  forage,  rye  gi'ass  should  not  be  allowed 
to  flower,  as  a  loss  of  over  50  per  cent  in  weight  follows  the  flower- 
iiig  stage.  With  favorable  conditions  and  sufficient  applications  of 
sewage,  as  many  as  eleven  cuttings,  weighing  in  the  aggregate  in  the 
green  state  about  100  tons,  have  been  obtained  in  the  two  seasons  fol- 
lowing the  planting  of  the  seed.  After  two  seasons  deep  plowing  and 
suhsoiling  should,  if  necessary,  be  resorted  to,  and  the  process  gone 
through  again.  With  good  cultivation,  rye  grass  may  be  grown  for 
several  years  on  such  heavy  soils  as  those  at  Wimbledon.  The  aver- 
age price  obtained  for  the  rye  grass  at  Wimbledon  was  stated  by  Mr. 
Snook  to  be  about  £15  to  £20  per  acre  per  annum.  In  some  years 
niore  than  this  may  be  obtained. 

In  regard  to  osiers,  it  was  stated  that  this  has  been  found  one  of 
tl»e  most  valuable  crops  raised.  The  demand  has  always  thus  far 
^n  good,  since  large  quantities  are  annually  imported  for  basket 
Diaking  and  other  purposes  from  Holland  and  the  north  of  France. 
^is  plant  likes  moisture,  and,  so  far  as  known,  will  grow  upon  any 
^^^d  of  land  except  peat  bog.  The  kinds  found  most  suitable  at  Wim- 
Wedon  are  the  new  osier  and  the  golden  willow.  The  first  named  is 
^I'k  skinned  and  very  suitable  for  basket  making.  The  golden  Wil- 
is smaller  and  of  finer  growth  than  the  osier. 

In  setting  an  osier  field,  sets  or  cuttings  are  selected  from  growing 
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willows,  which  are  cut  in  lengths  of  about  16  inches  and  planted  about 
1  foot  apart  in  one  direction  and  about  1^  feet  in  the  other.  The  cut- 
tings should  be  planted  with  their  ends  nearly  level  with  the  ground 
in  order  to  insure  straight  shoots.  They  come  into  full  bearing  in  the 
third  year,  although  a  fair  crop  may  be  got  the  first  year.  The  maxi- 
mum growth  is  attained  in  about  ten  years,  after  which  the  plant 
slowly  declines,  and  in  the  course  of  fifteen  to  twenty  years  it  will 
require  reseeding. 

The  crop  is  gathered  soon  after  the  fall  of  the  leaves  by  cutting  as 
close  to  the  main  stock  as  possible.  The  annual  yield  per  acre  is 
stated  at  from  6  to  7  tons.  The  price  obtained  at  Wimbledon  Is  about 
£12  per  acre  per  annum  for  the  rods.  This  is  for  osiers;  the  golden 
willow  yields  less  and  does  not  bring  so  high  a  price  as  the  osier. 

The  effluent  from  the  Wimbledon  farm  flows  into  the  River  Wandle. 
As  observed  by  the  author,  just  above  the  point  of  junction  with  the 
river  it  was  in  every  way  as  bright  and  sparkling  as  any  stream  flowing 
from  agricultural  lands. 

DONCASTER  FARM. 

As  another  interesting  example  of  sewage  purification  and  utiliza- 
tion by  broad  irrigation,  we  may  briefly  refer  to  the  farm  at  Doncas- 
ter,  which,  however,  was  not  visited  by  the  author,  but  of  which  it  is 
deemed  well  to  give  an  account,  because  Doncaster,  while  not  receiv- 
ing a  prize  in  the  Royal  Agricultural  Society's  sewage  farm  competi- 
tion of  1879,  was  still  strongly  commended  by  the  committee  in  their^ 
report  as  an  admirable  example  of  thrifty  management  and  an  excel^ — 
lent  illustration  of  how  sewage  can  be  applied  in  general  farming. 

The  population  of  Doncaster  is  stated  at  about  30,000  at  the  presea.^ 
time,  with  a  dry- weather  flow  of  sewage  of  700,000  gallons  per  da^^. 
The  main  drainage  works  of  the  town  were  carried  out  in  1870,  bcit 
soon  thereafter  an  injunction  was  obtained  against  the  Doncaster  eo:r- 
poration  restraining  them  from  discharging  sewage  into  the  Riv^er 
Don.  In  consequence  of  this  injunction  sewage-disposal  works  wex^ 
established  in  1873.  The  area  available  for  sewage  disposal  is  aboxit 
278  acres,  with  a  very  undulating  surface.  The  soil  varies  hetvre^^ 
the  limits  of  light  sand  and  stiff  red  stratified  clay.  There  is  also  ^*^ 
area  of  about  20  acres  of  pasture  land  laid  out  for  sewage  irrigatio*^* 

The  principle  of  surface  preparation  followed  was,  by  reason  of  tM^^ 
undulations,  to  change  the  surface  as  little  as  possible.  Accordin^^^ 
to  Mr.  Brundell,  the  designing  engineer,  no  attempt  was  made  toalt^^^ 
the  surface,  but  the  flow  of  sewage  was  fitted  to  the  surface  by  the  uj 
of  main  carriers  led  along  the  summits  and  from  them  by  means 
contour  distributaries  the  sewage  was  finally  led  over  the  entire  area 
Figs.  7  to  13  show  how  the  distribution  of  sewage  on  such  an  area  may=^ 
be  treated. 

The  main  carriers  are  of  terra-cotta  pipe,  laid  either  below  the  sur- 
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face  or  in  embankments,  as  may  be  required.  This  form  of  carrier 
has  already  been  referred  to,  and  is  illustrated  by  fig.  5.  The  pipes 
are  sometimes  worked  under  a  small  head.  The  sewage  is  pumped 
from  the  borough  of  Doncaster  out  onto  the  sewage  farm,  a  21-inch 
eastriron  main  with  a  total  rise  of  22  feet  being  used  for  this  purpose. 
A  great  variety  of  crops  are  produced  on  this  farm.  According  to 
the  report  of  the  judges  in  the  Royal  Agricultural  Society's  sewage 

• 

farm  competition,  they  have  been  successful  in  raising  black  currants, 
gooseberries,  wheat,  barley,  oats,  rye,  beans,  potatoes,  turnips  and 
swedes,  clover,  clover  seed,  rye  grass,  meadow  grass,  and  osiers.  A 
considerable  amount  of  live  stock  is  also  kept  upon  the  farm.  In  the 
early  days  there  was  some  prejudice  against  the  milk  produced,  but 
it  is  now  accepted  without  hesitation.  The  effluent  is  stated  to  flow 
into  the  River  Don  in  a  state  of  much  greater  purity  than  the  water 
of  the  river  itself,  which  is  seriously  polluted  by  the  towns  above 
Doncaster. 

SEW^AGE   UTILIZATION   IN   GERMANY. 

The  sewage  farms  of  Berlin  are  the  most  extensive  thus  far  carried 
out.  Since  they  exemplify  both  in  their  preparation  and  management 
the  best  scientific  sewage  farming  of  the  present  day,  attention  will  be 
confined  to  a  consideration  of  them,  although  descriptions  might  well 
be  given  of  the  large  farms  at  Dantzic,  Breslau,  and  other  points. 

J 

BERLIN  SEWAGE  FARMS.  ^ 

The  information  concerning  these  farms  was  obtained  by  inspection 
by  the  writer  in  November,  1894,  and  from  a  paper  on  the  sewage 
farms  of  Berlin  by  Mr.  Roechling,  to  be  found  in  Volume  CIX  of  the 
ft'oceedings  of  the  Institution  of  Civil  Engineers.  The  detailed  statis- 
tical statements,  as  published  annually  by  the  Berlin  authorities,  for 
^be  years  from  April,  1891,  to  March,  1893,  are  also  at  hand.  Inasmuch 
^  Mr.  Roechling's  paper  covers  nearly  every  phase  of  sewage  farm- 

•  

*iig  at  Berlin,  it  has  been  used  in  some  sort  as  a  syllabus  in  preparing 
^his  short  account. 

At  the  date  of  the  last  census,  in  December,  1890,  the  population 
^f  Berlin  was  1,578,794,  the  area  on  which  this  population  is  located 
^mounting  to  about  24^  square  miles.  The  area,  not  only  of  the  city 
^f  Berlin,  but  of  the  surrounding  country,  is  generally  level.  The 
^uly  stream  of  any  size  is  the  River  Spree,  flowing  through  the  middle 
^f  the  city,  which,  however,  is  far  too  small  to  admit  of  the  discharge 
^f  the  sewage  of  a  city  of  the  size  of  Berlin  without  treatment. 

The  sewerage  system,  as  designed  by  Mr.  Hobrecht,  the  city  engi- 
^^r,  is  what  is  known  as  the  radial  system,  wherein  the  entire  area 
^as  been  divided  into  twelve  separate  districts,  which,  so  far  as  the 
Collection  of  the  sewage  is  concerned,  are  independent  of  one  another, 
^h  district  has  a  pumping  statiou,  from  which  the  sewage  is  raised 
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direct  to  the  sewage  farms,  although  in  some  cases  two  drainage  dis- 
tricts are  anited  to  one  main.  This  peculiarity  of  the  Berlin  system 
has  determined  largely  the  location  of  the  farms  at  several  different 
points  about  the  city. 

The  River  Spree  flows  from  west  to  east  through  the  city.  From 
the  systems  north  of  the  river  the  sewage  is  sent  northward,  and  from 
the  south  of  the  Spree,  south;  so  that,  with  the  exception  of  a  single 
12-inch  pipe,  no  sewer  or  pumping  main  has  been  carried  under  the 
river.  The  southern  farms  are  located  at  a  distance  from  the  central 
part  of  the  city  of  as  much  as  12  miles.  This  makes  the  disposal  of 
farm  produce  somewhat  di/Hoult.  The  north  and  northeast  farms  are 
only  about  one-half  the  distance  of  the  southern  farms  from  the  cen- 
ter of  the  city,  and,  consequently,  it  is  stated  that  the  produce  there- 
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from  is  far  more  readily  disposed  of  than  that  of  the  farms  to  the 
south.  This  statement  is  made  by  the  Berlin  authorities  as  a  rea- 
son why  the  northern  farms  show  better  financial  returns  than  the 
southern. 

The  general  character  of  the  area  inelnded  in  the  Berlin  sewage 
farms  is  well  shown  by  flg.  22,  from  a  photograph.  The  most  of  it 
is  practically  level,  although  there  are  frequently  small  eminences 
attaining  a  height  of  from  10  to  15  feet  above  the  general  level.  The 
soil  is  generally  light  and  sandy,  although  in  the  northern  farms 
there  are  considerable  patches  of  clay.  The  subsoil  is  coarse,  open 
material  for  nearly  the  whole  area.  Taken  as  a  whole,  the  soil  is  well 
adapted  for  sewage  irrigation. 
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The  total  area  of  the  Berlin  sewage  farms  ae  tlie^  existed  in  1894 
is  stated  at  about  20,000  acres,  although  only  a  little  over  half  of  this 
waa  nnder  irrigation  at  that  time.  This  great  property  is  not  only  all 
owned  by  the  municipality,  but  is  mostly  farmed  by  it  as  well.  Dur- 
ing the  last  few  years,  however,  there  has  been  considerable  demand 
for  hind  by  market  gardeners,  who  rent  the  land  and  take  sewage 
OQly  when  they  desire  it,  whence  it  has  resulted  that  the  area  farmed 
by  the  city  itself  has  been  somewhat  lessened.  The  leased  land  is 
first  prepared  for  irrigation  by  the  city  and  then  rented  out  as  required. 
The  annual  rental  for  this  prepared  land  is  about  (21  per  acre,  while 
ordinary  land  in  the  vicinity  brings  only  about  t8.50  per  acre,  the  dif- 
ference of  (12.50  per  acre  being  due  to  the  increased  value  of  land 
with  sewage  irrigation.    There  has  also  been  a  demand  for  rental  of 
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sewage  by  the  farmers  who  prepare  their  own  land  and  only  take  the 
sewage  as  required  for  the  best  results.  In  1894  sewage  was  applied 
lo  about  1,000  acres  in  this  way. 

In  coDsidering  the  results  of  sewage  irrigation  at  Berlin  it  should 
^  remembered  that  the  water  supply  has  by  metering  been  kept  at 
*  Very  low  point,  so  that  the  daily  nse  of  sewage  amounts  to  only 
&l>«ut  14  or  15  gallons  per  capita.  Including  the  storm  water,  the 
"^kily  flow  of  sewf^e  averages  about  25  gallons  per  capita.  The  sew- 
*^e  is  therefore  more  concentrated  than  that  of  any  town  thus  far 
'^'^iisidered. 

The  rising  mains  from  the  pumping  stations  terminate  at  standpipes 
^i^ted  on  the  highest  points  at  various  parts  of  the  farms.  These 
^ce  open  at  the  top  and  act  as  safety  valves  as  well  as  pressure  gauges 
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for  indicating  the  actual  head  on  the  mains  at  any  particular  instai 
this  fact  being  indicated  by  a  float  on  the  inside  of  the  pipe  carryii 
a  flag  by  day  and  a  lantern  by  night.     On  account  of  the  location 
the  sta,ndpipes  on  the  highest  points,  they  form  landmarks  visil 
from  all  parts  of  the  farms.     The  distributing  pipes  of  cast  iron  st^: 
from  the  standpipes  and  radiate  in  all  directions  to  various  parts 
the  farms,  their  diameters  being  reduced  gradually  at  their  fartlx^i 
extremities.     At  various  places  they  are  provided  with  sluice  valvr^^s 
and  side  branches  which  empty  into  small  tanks  dug  into  the  ground. 
The  open  earth  carriers  begin  at  these  tanks.     There  are  sluice  gates 
on  the  distributing  pipes  at  intermediate  points  as  required. 

The  laying  out  of  the  Berlin  farms  has  been  done  according  to  the 
following  scheme:  The  open  effluent  ditches,  of  which  an  example 
is  shown  in  fig.  23,  follow  along  the  lowest  levels  of  the  farm;  the 
bottom  width  is  about  18  inches  and  the  side  slope  1^  to  1.    The  farm 
has  been  thoroughly  underdrained,  mostly  with  2-inch  pipes  laid  on 
the  parallel  system  at  distances  varying  from  16  to  33  feet.    The 
average  depth  of  the  feeders  is  from  3  to  4  feet.    -The  feeders  lead 
into  master  drains  varying  in  size  from  3  to  6  inches,  which  finally 
lead  into  the  main  effluent  ditches  just  referred  to. 

In  designing  the  beds  the  topographical  conditions  of  the  ground 
were  very  carefully  taken  into  account,  and  generally  sloping  ground 
was  utilized  for  grass  plats,  to  be  treated  by  broad  irrigation.    The 
nearly  level  portions  have  been  made  into  filtration  areas,  and  the 
level  ground  into  tanks  in  which  surplus  sewage  can  be  filtered  by 
intermittent  filtration  as  required.     The  irrigation  and  filtration  platB 
are,  so  far  as  possible,  rectangular  in  form,  with  areas  of  from  5  to  ^ 
acres.     The  tanks,  however,  are  larger.     They  include  plats  of  grouii<i 
from  5  to  22  acres  in  extent,  surrounded  by  embankments  about  3  feet 
in  height  and  from  13  to  20  feet  wide  at  the  top,  in  order  to  fumisli 
space  for  wagon  roads.     In  summer  the  tanks  are  used  as  filters  to 
dispose  of  storm  waters,  and  in  winter  they  are  used  as  reservoirs  ^^ 
such  times  as,  owing  to  long-continued  frost,  the  land  is  frozen  to  ^ 
depth  preventing  ordinary  irrigation.     The  Berlin  authorities  con- 
sider the  tanks  as  a  necessary  adjunct  of  any  sewage  farm  operate«^ 
like  that  at  Berlin,  although  the  degree  of  purification  effected  l>y 
them  is  apparently  not  so  high  as  that  of  the  grass  plats  or  the  filtrB^ 
tion  beds.    The  6  or  6  acre  plats  are  also  subdivided  into  what  ft'^ 
called  quarters,  in  order  to   enable  the  irrigation  to  be    propei'^y 
applied. 

Reference  has  already  been  made  to  the  earth  tanks  at  the  outlet^ 
of  the  main  distributaries.  The  main  carriers,  which  are  met^^y^ 
ditches  cut  in  the  ground,  illustrated  by  fig.  4,  start  from  thes^' 
They  vary  in  depth  from  18  inches  to  3  feet,  and,  entering  each  5  o^ 
6  acre  plat  at  the  highest  corner,  pass  down  one  side  to  the  lowe^^ 
quarter  to  be  irrigated,  and  so  on  to  the  next  plat.     Secondary  ca**^ 
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riers,  which  are  also  mere  earth  trenches,  are  taken  off  from  the  main 
carriers  to  irrigate  such  plats  as  the  main  carriers  do  not  traverse. 
From  the  secondary  carriers  the  sewage  is  distributed  over  each  plat 
and  quarter  thereof  by  still  smaller  earth  carriers,  which  are  frequently 
furrows  cut  with  the  plow. 

The  surface  of  the  permanent  grass  plats  has  been  graded  to  a  uni- 
form slope  and  the  irrigation  takes  place  from  the  level  furrow  at  the 
upper  end,  which,  when  full,  overflows,  allowing  the  sewage  to  pass  in 
a  thin  film  down  the  slope.  This  method  of  irrigating  the  grass  plats 
is  the  one  generally  followed  at  Berlin. 

The  beds  have  been  laid  out  in  terraces,  each  terrace  being  made 
level  and-  sei>arated  from  the  one  below  by  an  embankment.     The 
cultivation  beds  are  formed  with  ridges  about  3  feet  wide,  with  the 
furrows  between  the  ridges  2^  feet  wide  and  1^  feet  deep.     Sewage 
flows  into  the  ditches  from  one  side  until  nearly  full,  when  it  is  allowed 
to  stand  and  filter  away  through  the  soil.     Turnips,  mangolds,  cab- 
bages, and  other  root  and  vegetable  crops  are  grown  on  the  filter  beds. 
The  foregoing  account  of  the  method  of  laying  out  pursued  at  Ber- 
lin indicates  that  both  broad  irrigation  and  filtration  are  used  on  the 
Berlin  sewage  farms,  the  grass  plats  representing  the  broad  irrigation 
and  the  level  beds  intermittent  filtration  with  cultivation,  while  the 
tanks  represent  intermittent  filtration  without  any  attempt  at  utili- 
zation.    As  we  have  seen,  this  principle  is  the  one  now  universally 
adopted  in  the  laying  out  and  management  of  modern  sewage  farms. 
We  may  conclude,  also,  from  what  has  preceded,  that  the  prin- 
ciple of  leasing  sewage  to  private  farmers  is  developing  with  con- 
siderable rapidity  at  Berlin,  which  is  in  line  with  the  best  results  in 
agricultural  utilization. 

As  indicated  on  page  58,  the  crops  raised  at  Berlin  include  a  con- 
siderable variety  of  roots,  cereals,  and  ordinary  vegetables,  as  well  as 
oil  seeds,  which  are  grown  quite  extensively.  Detailed  statements  of 
tihe  yields  may  be  found  in  either  Mr.  Roechling's  paper  in  the  Proceed- 
ings of  the  Institution  of  Civil  Engineers,  already  referred  to,  or  in 
the  annual  statements  published  by  the  city  of  Berlin  of  more  recent 
date.  These  statements  show  a  loss  during  the  early  years  of  these 
»ewage  farms,  but  since  the  laying  out  of  the  farms  was  completed 
and  more  experience  has  been  gained  they  have  shown  some  small 
profit. 

While  the  rainfall  at  Berlin  is  not  large  for  the  whole  year,  it  is 
heaviest  during  the  growing  months,  which  complicates  somewhat  the 
pi^blem  of  sewage  irrigation  there. 

The  best  returns  have  come  from  the  Falkenberg  farm,  which  in 
^B90  earned  about  3^  per  cent  on  the  capital  expenditure.  This  must 
^  considered  a  very  favorable  result,  especially  when  it  is  under- 
stood that  ordinary  land  in  the  vicinity  of  Berlin  does  not  give  an 
average  yield  of  more  than  3  per  cent.     In  comparing  the  results  of 


the  land.  In  enBe  a  rental  of  as  much  as  (5  per  acre  (30  marks) « 
to  he  included,  the  farms  would  hardly  be  more  than  self-supportinf;. 
It  is  the  opinion  of  the  managers  of  the  Berlin  farms  that  with  t^lie 
gradual  improvement  in  the  coDditlouof  the  area  under  cultivation 
for  a  number  of  years  the  profits  of  sewage  farming  may  be  ezpecbed 
to  increase  somewhat.  As  remarked  by  Mr.  Roechling,  the  degreo  of 
purification  attained  is  the  chief  test  to  be  applied  to  a  sewage  farm; 
and  if  wanting  in  this  respect,  the  farm  must  be  said  to  be  a  failure- 
This  x>oint  is  specially  important  to  bear  in  mind  in  considering  qaes- 
tions  of  sewage  purification  and  utilization,  because,  with  the  »'vi- 
denoe  at  hand,  it  is  indisputable  that  with  proper  management  sewage 
farms  may  be  so  operated  as  to  not  only  utilize  sewage  at  an  agricul- 
tural gain,  but  also  to  give  out  an  effluent  of  a  very  high  degree  of 
purity.  At  Berlin  the  water  flowing  in  the  effluent  ditches  is  as  clear 
and  sparkling  as  any  flowing  from  agricultural  lands,  and  the  author 
was  informed  by  one  of  the  head  gardeners  in  the  course  of  walking 
over  the  farms  that  the  laboring  men  who  carry  their  dinners  out  in 
the  fields  were  in  the  habit  of  frequently  taking  water  from  the  efflu- 
ent ditches  for  drinking,  and  this,  too,  in  spite  of  the  fact  that  tbe 
use  of  the  water  for  this  purpose  had  been  prohibited  by  the  authori- 
ties in  charge. 

A  lai^e  number  of  analyses  have  been  made  not  only  of  the  Berliii 
sewage  as  it  comes  to  the  farms,  but  also  of  the  final  effluent.  T'b« 
results  are  given  in  such  detail  as  to  render  any  adequate  presenta- 
tion impossible  at  this  place  for  lack  of  space.  They  may  be  fou»<^ 
in  Mr.  Roecbling's  paper  or  in  the  annual  municipal  statements.  I" 
a  general  way  they  indicate  that  the  purification  attained  is  in  tl»« 
highest  degree  successful. 

SEWAGE  UTILIZATION  IN  PRANCK. 

Sewage  utilization  in  France,  as  a  whole,  has  been  less  general^^^ 
Attempted  than  in  either  England  or  Germany,  although  the  emplo^' 
ment  of  Paris  sewage  on  the  Plain  of  Gtennevilliers  is,  perhaps,  on  tl*^ 
whole,  the  most  successful  case  of  profitable  utilization  in  agricalt***^ 
to  be  found  anywhere.  The  soil  of  that  plain  is  exceedingly  y*''^ 
adapted  for  the  purpose,  being  light  and  open,  with  gravel  subsoil  " 
considerable  depth.  It  therefore  serves  the  purpose  of  a  nata**^ 
filter.  Thus  far  only  a  small  portion  of  the  sewage  of  the  city  ^ 
Paris  has  been  utilized  at  Gennevilliers,  the  remainder  being  alloT*'^* 
to  pass  directly  into  the  River  Seine.  Only  a  portion  of  the  sewage  *'' 
Paris  is  water  carried,  the  balance  being  disposed  of  by  the  pail  ay^ 
tem,  although  a  recent  decree  of  the  French  Senate  makes  it  imper*" 
tive  to  now  construct  sewers  and  connect  all  bouses  with  the  waW' 
carriage  systein. 
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The  utilization  of  all  the  sewage  of  Paris  by  irrigation  has  been 
discussed  extensively  by  the  engineers  of  the  city  and  by  Govern- 
ment commissions  for  many  years,  with  the  final  result  that  under  a 
decree  of  the  Senate,  bearing  date  July  10,  1894,  the  municipality  of 
Paris  is  authorized  to  make  a  loan  of  117,500,000  francs  for  the  pur- 
pose of  extending  the  sewers  to  those  districts  of  the  city  which  are 
now  served  by  the  pail  system,  and  also  for  pi*eparing  the  necessary 
areas  for  land  purification  at  various  points  in  the  vicinity  of  the  city. 

THE  PLAIN   OF  GENNEVILLIER8. 

The  history  of  the  irrigation  at  Grennevilliers  is  exceedingly  interest- 
ing. As  the  result  of  a  considerable  discussion,  the  municipality  in 
1869  laid  down  at  its  own  expense  the  necessary  carriers,  subcarriers, 
conduits,  and  pipes  for  distributing  sewage  on  land  at  this  place  and 
conceded  to  the  owners  and  lessees  the  free  use  of  it  until  1880,  since 
which  time  they  have  been  obliged  to  pay  a  price  for  the  use  of  the 
sewage.  At  first  there  was  very  great  prejudice  against  not  only  the 
use  of  the  sewage  as  manure,  but  also  against  the  produce  grown  by 
its  aid.  This  gradually  died  out,  and  the  number  of  users  of  sewage 
has  increased  from  year  to  year,  until  in  1891  the  total  area  available 
at  Gennevilliers,  which  amounts  to  about  776  hectares,  or  1,917  acres, 
was  taken  up. 

The  crops  grown  under  sewage  irrigation  at  Gennevilliers  have  been 
successful  in  the  highest  degree.  They  comprise  absinth,  artichokes, 
asparagus,  beans,  beets,  cabbages,  carrots,  celery,  kohl-rabi,  cucum- 
bers, leeks,  melons,  onions,  parsnips,  peppermint,  potatoes,  pumpkins, 
spinach,  tomatoes,  turnips,  clover,  rye  grass,  mangolds,  wheat,  oats, 
and  Indian  com.  The  market-garden  produce  yields  abundant  crops. 
Indian  com  has  also  an  exceedingly  good  growth  here,  the  stalks 
attaining  a  height  of  from  9  to  10  feet.  In  order  to  obtain  definite 
infonnation  as  to  the  results  to  be  derived  in  the  agricultural  utiliza- 
tion of  sewage  on  the  Plain  of  Grennevilliers,  the  French  minister  of 
^culture  in  1874  appointed  a  commission  to  study  the  question  in 
its  economical  aspects.  The  report  of  this  commission  shows  the  fol- 
lowing as  the  yields  of  vegetables  which  under  favorable  conditions 
D^ay  be  expected  there:  Cabbage,  as  much  as  75,000  kilograms  to  the 
hectare.^  Mangolds  are  stated  as  yielding  120,000  kilograms  per  hec- 
^;  carrots,  50,000  kilograms  per  hectare,  and  beans  15,000  kilograms 
P^r  hectare.  The  experience  of  the  last  few  years  is  stated  to  fully 
<^nfirni  the  results  of  the  commission  of  1874. 

Artichokes,  which  are  extensively  grown  for  consumption  in  France, 
*^  stated  to  yield  from  36,000  to  50,000,  and  even  as  many  as 
^»000,  heads  per  hectare.  Caulifiowers  amount  to  from  35,000  to 
^,000  kilograms  per  hectare.     Garlic  yields  37,000  kilograms  per 

'The  kilogram  is  equivalent  to  2.2  pounds,  and  the  hectare  to  2.47  Acres;  hence  the  stated  yield 
<^  cabbage,  in  oar  measures,  is  Si.  14  tons  per  acre. 
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hectare;  celery,  100,000  kilograms  per  hectare;  onions,  60,000  to 
80,000  kilograms  per  hectare;  potatoes,  30,000  to  40,000  kilograms; 
salsify,  10,000  to  12,000  heads,  or  25,000  kilograms,  to  the  hectare. 

As  to  the  mean  value  of  the  numher  of  crops  raised,  the  following 
Ugares  are  given :  Cabbage,  from  3,000  to  4,000  francs  per  hectare; 
cauliflowers,  5,000  to  10,000  francs  per  hectare;  carrots,  3,000  francs; 
artichokes,  5,000  to  E>,000  francs;  onions,  3,500  francs  per  hectare,  etc. 
(three  thousand  five  hundred  francs  per  hectare  amounts  to  1,416 
francs,  or  about  1281,  per  acre.)  The  French  reports  abound  with 
statements  as  to  the  degree  of  purification  attained  at  Gennevilliers, 
but  these  are  omitted  in  this  place  for  lack  of  space.  The  author  vis- 
ited the  Plain  of  Gennevilliers  on  a  rather  warm  day  early  in  Decem- 
ber, 1894.     The  etDuent  was  bright   and   sparkling,  and  as  he  was 
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exceedingly  thirsty  after  a  long  walk  he  had  no  hesitation  in  dipping 
up  the  water  of  the  effluent  channel  and  drinking  it,  tie  gentleman 
accompanying  him  having  made  the  positive  assurance  that  no  harm 
would  resiilt  therefrom.  Tlius  far  there  is  no  reason  to  believe  that 
the  effluent  from  sewage  irrigation  from  the  Plain  of  Gennevilliers 
may  not  be  used  as  drinking  water  regularly  witii  impunity. 

Tiie  available  area  at  Gennevilliers  having  been  all  taken  up,  the 
engineers  of  the  city  of  Paris  proposed  to  extend  a  main  for  irrigation 
to  the  edge  of  the  forest  of  St.  Germain,  a  few  miles  distant  from  the 
municipal  usine  at  Clichy,  the  point  from  which  the  sewage  is  diverted 
from  the  main  outlet  sewer  of  Paris  to  the  Plain  of  Gennevilliers, 
Although  the  sewage  irrigation  at  Gennevilliers  had  been  very  suc- 
cessful, the  project  of  irrigation  in  the  forest  was  opposed  strongly  by 
the  citizens  of  the  neighboring  communes.     Petitions  were  made  and 
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protests  forwarded  to  the  French  Senate,  the  whole  forming  a  large 
volume  of  considerable  interest  as  indicating  the  persistency  of  the 
public  opposition  to  the  carrying  out  of  great  works  of  public  utility 
of  this  character.  On  the  part  of  the  city  of  Paris,  however,  an  equal 
persistency  has  been  manifested,  with  the  result  that  the  city  has  finally 
received  authorization  to  carry  out  the  scheme  of  purification  of  Paris 
sewage,  as  already  detailed  in  discussing  the  decree  of  July  10,  1894. 
Among  other  interesting  statistics  which  have  been  gathered  in 
regard  to  sewage  purification  at  G^ennevilliers,  the  French  reports  indi- 
cate that,  as  in  England  and  at  Berlin,  the  health  of  people  living  on 
and  about  the  sewage  farms  has  not  been  in  any  degree  impaired.  So 
extensively  has  the  evidence  on  this  point  multiplied  from  the  differ- 
ent places  where  sewage  utilization  works  have  been  carried  out  that 
we  may  conclude  here,  as  in  respect  to  other  details  already  discussed, 
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t^at  properly  conducted  sewage  utilization  is  not  in  any  degree  preju- 
^cial  to  the  health  of  either  the  people  engaged  in  it  or  those  living 
^  the  vicinity. 

Among  other  interesting  features  at  Paris,  the  Model  Garden  should 
•^  mentioned.  This  includes  an  area  of  6  hectares,  on  which  precise 
experiments  as  to  the  utilization  of  sewage  have  been  carried  on  for 
*  Jinmber  of  years  under  the  most  scientific  conditions  possible  of 
attainment,  in  which  have  been  noted  the  weight  of  seed  sown,  the 
yield  therefrom,  the  amount  of  sewage  applied,  the  amount  of  rain- 
fall, variation  in  quantity  of  sewage  applied,  and  many  other  things 
tending  to  afford  a  definite  scientific  basis  of  positive  information  for 
the  agricultural  utilization  of  sewage. 
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The  re8ult4s  of  the  experiments  at  the  Model  Garden  have  nevei 
been  published  in  full,  and  the  author  is  indebted  to  Mr.  George 
Bechmanu,  chief  engineer  of  the  sanitary  department  of  the  Seine, 
for  information  as  to  these  valuable  results.  As  visited  in  December, 
1894,  the  Model  Garden  presented  evidence  of  the  many  careful  and 
systematic  experiments  carried  out,  although  at  that  season  of  the 
year  little  idea  could  be  formed  of  the  relative  benefits  of  sewage  tc 
different  crops,  for  the  reason  that  crops  were  not  then  growing. 

The  following  particulars  as  to  the  irrigation  of  Gennevilliers  an 
derived  from  the  report  of  Mr.  Bechmann  for  the  year  1893.     Accord* 

ing  to  the  report,  the 
area  under  irrigation 
has  remained  station- 
ary at  776  hectares 
since  1891,  in  which 
year,  as  already  stated, 
the  entire  available 
area  was  taken  up.  01 
this  area  of  776  hec- 
tares, 6  hectares  belong 
to  the  city  of  Paris  and 
constitute  the  Model 
Garden  and  its  depend- 
encies. Theremaindei 
is  composed  of  various- 
sized  parcels  which  are 
the  property  of  the 
individual  cultivators, 
who  receive  sewage 
only  when  they  desire 
it.  Fig.  25  shows 
graphically  the  in 
crease  in  the  use  ol 
sewage  in  Gennevil 
liers  from  year  to  year 
The  sewage  is  distributed  by  means  of  a  system  of  main  and  sec 
ondary  channels,  with  a  total  length  at  the  present  time  of  49,427.' 
meters.  The  progressive  increase  in  length  of  these  conduits  fron 
the  beginning  to  1893  is  shown  by  fig.  26.  The  distribution  service  ii 
in  charge  of  the  agents  of  the  city  of  Paris,  who  work  according  to  i 
system,  irrigating  successfully  the  three  belts  into  which  the  plain  hai 
been  divided.  The  force  having  this  work  in  charge  consists  of  I 
foremen  and  23  ordinary  workmen,  who  perform  all  the  labor  neces 
sary  for  a  proper  and  successful  distribution  of  the  sewage.  Fore 
men  receive  170  francs  per  month  and  laborers  f^-om  145  to  150  franc 
per  month. 
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Fig.  2S.— Diagram  illastrating  progrressive  increase  in  length 
of  distribution  conduits  at  Qennevilliers.  The  numbers 
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The  total  volume  of  sewage  distributed  in  1893  was  33,421,299 
cubic  meters.  Each  hectare  of  the  plain,  therefore,  received  on  an 
average  a  little  more  than  43,000  cubic  meters,  the  distribution  per 
acre  being,  thus,  625,293  feet.  The  amount  actually  distributed  each 
month  is  shown  by  fig.  27,  while  the  least  area  irrigated  in  one  day 
varied  from  month  to  month  as  per  fig.  28.  From  this  figure  we  learn 
that  the  minimum  area 
per  day  was  49  hectares 
in  February,  and  the 
maximum  area  133  hec- 
tares per  day  in  Sep- 
tember. 

Of  the  6  hectares  be- 
longing to  the   city  of 
Paris  and  included  in 
the  Model  Garden,  3  hec- 
tares and  85  ares  were 
rented  in  1893  at  an  an- 
nual rental  of  600  francs 
per  hectare.      The   re- 
mainder of  the  6  hec- 
tares  was    devoted    to 
various  experiments, 
prineipaUj'  to  intensive  irrigation,  wherein  from  80,000  to  130,000 
cubic  meters  of  sewage  per  hectare  per  year  were  applied.      Mr. 
Bechmann  states  that  the  application  of  such  large  quantities  of 
sewage  is  not  prejudicial  either  to  the  purification  or  to  the  success 
of  the  crops.     The  experiments  at  the  Model  Garden  have  been  di- 
rected specially  for  a  few 
years  toward  the  cultiva- 
tion of  nursery  stocks  of 
various  sorts,  and  the  re- 
sults  obtained  are  stated 
to  have  been  remarkably 
good. 

The  cost  of  the  irriga- 
tion at  Gennevilliers  is 
said  to  have  been  0.0022 
franc  per  cubic  meter  of 
sewage    distributed.       In 
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Pio.  27.— Diagram  illostratinff  distribution  of  sewage  by 
months  at  Gennevilliers.  The  nmnbers  denote  cnbio 
meters. 
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our  currency  this  would  amount  to  0.00043  cent  per  cubic  meter.  ^ 

The  purification  attained  during  the  year  1893,  as  determined  by  a 
series  of  analyses  regularly  made  at  the  municipal  observatory  of 
Montsouris,  continues  to  be  absolutely  satisfactory.  Without  refer- 
ring to  the  degree  of  purification  attained  as  indicated  by  chemical 

*  The  cubic  meter  equals  36.94  cubic  feet,  or  1.88  cubic  yards. 
IRR   3 7 
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analyses,  we  may  merely  call  attention  to  the  bacterial  purification. 
According  to  the  Montsouris  laboratory  determination,  the  sewage  as 
it  flows  in  the  Clichy  main  contains  29,454,(XX)  bacteria  per  cubic 
centimeter,  while  the  water  of  the  Asnieres  effluent  drain  contains 
only  5,380  bacteria  per  cubic  centimeter,  and  that  of  the  Epinaj 
drain  26,600  bacteria  per  cubic  centimeter. 

The  foregoing  is  an  exceedingly  inadequate  account  of  sewage 
utilization  at  Paris.  The  literature  of  the  subject  has  grown  very 
extensive,  and  whoever  would  familiarize  himself  with  all  that  has 
been  done  at  Paris  must  go  through  this  large  mass  of  literature  in 
detail. 

SEWAGE  PURIFICATION  IN  THE  UNITED  STATES. 

At  the  present  time  there  are  upward  of  60  sewage-disx)osal  plants 
in  operation  in  the  United  States  and  the  Dominion  of  Canada.  The 
limited  space  here  available  will  not  permit  an  account  of  these  works, 
but  in  a  subsequent  pamphlet  of  this  series  it  is  intended  to  give  a 
brief  description  of  a  few  of  the  more  recent  or  more  Interesting  estal> 
lishments.  Facts  concerning  many  of  these  may  be  found  in  tlx* 
columns  of  Engineering  News  and  Engineering  Record  and  in  Sewag^^ 
Disposal  in  the  United  States,  which  latter  contains  descriptions  ^ 
and  reference  to  works  built  in  the  United  States  previous  to  180  ^• 
A  complete  discussion  of  existing  American  works  would  fill  a  lar^5® 
volume. 

As  examples  of  sewage  utilization  we  may  refer  to  Pullman,  Ulinoi  ^^*' 
Los  Angeles,  California;  South  Framingham,  Massachusetts;  Merid^^^ 
and  Bristol,  Connecticut;  and  Plainfield,  New  Jersey.  Intermitter:^^ 
filtration  without  any  attempt  at  sewage  utilization  is  also  practice^^^ 
at  Marlboro,  Brockton,  and  North  Brookfield,  Massachusetts;  Summi  ^' 
New  Jersey;  Pawtucket,  Rhode  Island;  and  also  at  a  number  of  oth^^^ 
towns.  Examples  of  precipitation  plants  may  be  seen  at  Worceste***^^' 
Massachusetts,  and  Canton,  Ohio. 

Much  has  been  done  toward  advancing  knowledge  of  sewage  puri 
cation  in  this  country.     At  the  present  time  the  scientific  part  of  ttr"^^ 
subject  is  somewhat  in  advance  of  the  practical  application,  and  here^^*^ 
lies  ground  for  criticism.     The  managers  of  American  works  ha'"^^ 
frequently  failed  to  understand  the  importance  of  closely  followiB:^^ 
rational  theory.     It  is  believed  that  with  good  management  the  Am^^' 
ican  works  can  be  quickly  made  to  show  as  good  results  as  can  t^ 
obtained  anywhere,  for  generally  they  have  been  well  designed — ^ 
fact  which  may  be  set  down  to  the  credit  of  the  engineers. 
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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 
Washington,  February  17,  189 

Sir:  I  liave  the  honor  to  transmit  herewith  a  paper  eptitled 
Reconnoissance  in  Southeastern  Washington,"  by  I.  C.  Russell, 
feasor  of  geology  at  the  University  of  Michigan,  and  to  recomm 
that  it  be  published  in  the  series  of  pamphlets  upon  water  supply 
irrigation.     During  his  long  connection  with  this  Survey  Profe 
Russell  obtained  such  familiarity  with  the  western  part  of  the  Un 
States  tliat  it  seemed  desirable  to  secure  his  services  in  the  contii 
tion  of  the  examination  of  the  water  resources.      He  has  aire 
pubUslied  in  Bulletin  No.  108  a  description  of  the  geologic  strud 
in  and  adjacent  to  the  drainage  basin  of  Yakima  River,  Washing 
3.nd  the  great  plains  of  the  Columbia  to  the  east  of  this  area,  gi^ 
especial  attention  to  the  occurrence  of  artesian  waters.     The  1 
^^rork  of  the  last  season  was  to  a  certain  extent  a  continuation  of 
examination  still  farther  to  the  east  and  south,  covering  areat 
southeastern  Washington,  northeastern  Oregon,  and  adjacent 
taons  of  Idaho.     The  region,  though  not  arid,  depends  for  itsdeve 
xnent  upon  more  complete  methods  of  utilizing  the  water  supply, 
"this  in  turn  rests  upon  a  thorough  knowledge  of  the  undergro 
structure.     The  latter,  therefore,  has  been  examined  and  descri 
at  some  length,  as  preliminary  to  a  discussion  of  the  employmei] 
the  water  resources. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charg 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey. 


A  RECONNOISSANCE  IN  SOUTHEASTERN  WASHINGTON. 


By  Israel  C.  Russell 


1 ISTTRODUCTION. 

Acting  under  the  instructions  of  Mr.  F.  II.  Newell,  hydrographer 
of  the  United  States  Geological  Survey,  I  made  an  examination  of 
the  geology  of  jbhe  southeastern  portion  of  the  State  of  Washington 
in  the  summer  of  1896  for  the  purpose  of  ascertaining  how  far  the 
nature  and  position  of  the  rocks  of  that  region  favor  the  hope  of 
obtaining  artesian  water.  The  time  devoted  to  field  work  extended 
from  August  11  to  September  21.  The  region  traversed  embraces 
about  5,000  square  miles.  It  will  be  seen  at  once,  from  the  time 
available  and  the  extent  of  territory  examined,  that  nothing  more 
than  a  general,  or,  perhaps  more  accurately,  a  preliminary,  reconnois- 
sance  was  aimed  at.  The  conditions,  however,  are  unusually  favor- 
able for  rapid  geological  exploration,  the  region  being  practically 
free  from  forests  and  the  rocks  nearly  horizontal.  For  these  reasons 
more  confidence,  I  think,  can  be  placed  in  the  results  obtained  than 
at  first  thought  might  seem  warrantable. 

The  region  e^camined, — The  country  chosen  for  the  commencement 
of  my  studies  is  that  portion  of  southeastern  Washington  which  lies 
south  of  Snake  River.  By  referring  to  the  accompanying  map,  it 
will  be  seen  that  a  well-defined  region,  bordered  on  the  south  by 
Oregon,  on  the  east  by  Idaho,  on  the  north  by  Snake  River,  and  on 
the  west  by  the  Columbia,  may  be  briefly  designated  as  lying  south 
of  Snake  River.  It  is  frequently  spoken  of  as  the  **  Walla  Walla 
countrj^,"  for  the  reason  that  Walla  Walla  is  the  principal  town,  or 
perhaps  because  the  whole  of  it  was  formerly  included  in  Wallawalla 
County.^  At  present  this  region  is  divided  into  four  counties,  namely, 
in  their  order  from  west  to  east,  Wallawalla,  Columbia,  Garfield,  and 
Asotin. 


1  Wallawalla  County  was  established  in  1854,  and  originally  embraced  a  much  wider  territory 
than  is  mentioned  above,  as  it  extended  from  the  Cascade  Mountains  eastward  to  beyond  the 
present  eastern  boundary  of  Washington. 
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The  region  bounded  as  described  above  embraces  about  4,000 
square  miles.  In  order  to  learn  its  geological  history,  however,  it  was 
found  desirable  to  make  an  excursion  southward  into  Oregon  as  far  as 
Wallowa,  about  30  miles  in  a  straight  line  south  of  the  Washington- 
Oregon  boundary,  and  another  northward,  traveling  by  rail,  through 
the  eastern  border  of  the  "Palouse  country,"  as  far  as  Spokane.  The 
hasty  reconnoissance  northward  included  a  visit  to  Pullman,  Palouse, 
Garfield,  and  Spokane.  Short  excursions  were  made  from  each  of 
these  towns,  and  the  more  general  features  in  the  geology  of  their 
environs  were  ascertained.  The  excursions  mentioned  were  of  much 
assistance  in  understanding  the  geology  of  the  region  south  of  Snake 
River,  which  is  the  portion  of  Washington  definitely  considered  in  this 
report. 

Mode  of  travel, — Southeastern  Washington  is  largely  a  rich  agri- 
cultural region.  The  cultivated  lands  are  inclosed  by  wire  fences, 
and  roads  have  been  laid  out  through  the  greater  portion  of  it  in  a 
rectangular  system  governed  by  section  lines.  Farmhouses  are 
numerous,  except  in  the  more  arid  western  portion  and  in  the  Blue 
Mountains.  The  geological  traveler  has  to  take  account  of  these 
conditions  in  planning  his  journey. 

To  facilitate  my  work  and  to  be  able  to  reach  all  parts  of  the  region 
to  be  examined,  I  chose  to  '*  camp  out."  At  Walla  Walla  I  hired  two 
men,  Messrs.  F.  W.  De  Forest  and  A.  C.  Rud,  to  act  as  cook  and 
teamster,  respectively.  We  had  a  two-horse  farm  wagon,  a  saddle 
horse,  tents,  cooking  utensils,  etc.  To  one  familiar  with  the  vicissi- 
tudes of  exploration  in  unsettled  regions,  camp  life  in  southeastern 
Washington  offers  but  few  attractions.  Nearly  every  night  we 
camped  near  a  farmhouse,  and  obtained  hay  for  our  horses  from  the 
farmer's  barns,  and  in  many  instances  wood  for  our  camp  fire  from 
his  wood  pile.  Our  camps  were  of  necessity  at  localities  that  could 
be  reached  with  a  wagon,  but  by  making  side  trips  with  a  saddle 
horse  or  on  foot  I  was  enabled  to  visit  practically  all  localities  that 
seemed  to  offer  opportunities  for  gaining  information  concerning  the 
geology  of  the  country. 

The  accompanying  map  (PI.  I),  on  which  the  routes  followed  are 
shown  in  a  general  way,  will  serve  to  indicate  to  some  extent  how 
much  of  this  report  is  based  on  actual  observation  and  what  degree 
of  confidence  can  be  placed  in  it. 

ClilMATE. 

The  climate  of  south-central  Washington,  in  the  region  about  Pasco, 
for  example,  is  decidedly  arid.  The  annual  rainfall,  judging  from 
weather  records  in  neighboring  towns,  as  Kennewick,  Sunnyside,  etc., 
must  be  less  than  5  inches.  To  the  east  and  west  of  this  arid  region 
a  gradual  increase  in  humidity  is  shown  by  changes  in  the  character 
of  the  vegetation.     The  nature  of  the  climate  on  the  eastern  portion 
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of  the  plateau  which  occupies  nearly  all  of  southeastern  Washington 
is  shown  to  some  extent  by  the  following  weather  records :  ^ 

Mean  precipitation  and  temperatures  for  1896, 


Locality. 

Precipitation. 

Temperature. 

Pomeroy  _ 

Pnllman 

Rosalia : 

Spokane 

Inches. 
7.37 
15.00 
13.69 
13.46 
14.89 

*F. 

45.6 
48.1 
53.1 

The  mean  annual  precipitation  at  Spokane  for  a  period  of  fourteen 
years  was  17.94  inches,  the  summer  average  being  6.77  and  the  winter 
average  11.17  inches.  At  Walla  Walla,  for  a  period  of  eight  years, 
the  mean  annual  precipitation  was  16.80  inches,  of  which  5.96  inches 
fell  in  the  summer  season  and  10.84  inches  in  winter. 

The  average  annual  rainfall  throughout  the  eastern  portion  of 
Washington,  over  a  belt  of  country  about  50  miles  broad  and  extend- 
ing southward  from  Spokane  River  to  the  Blue  Mountains,  may  prob- 
ably be  taken  at  15  to  17  inches.  Some  years  it  is  considerably  less 
than  this,  as  is  shown  by  the  records  given  above  for  1895,  and  again 
may  exceed  this  amount,  which  is  assumed  as  a  general  average. 
Westward  from  this  belt  a  gradual  decrease  is  shown  by  the  character 
of  the  natural  vegetation,  and  by  a  decrease  and  final  cessation  of 
agriculture. 

An  interesting  feature  in  the  precipitation  is  tbe  manner  in  which 
it  is  distributed  throughout  the  year,  and  the  nature  of  the  rain  and 
snowfall.  Precipitation  is  greatest  in  December  and  January,  and  is 
then  principally  in  the  form  of  snow;  July,  August,  and  September  are 
particularly  rainless  months.  The  rain  usually  falls  gently.  At  no 
time,  I  have  been  informed,  is  it  torrential,  except  at  wide  intervals, 
when  what  are  termed  "cloudbursts"  occur.  The  fact  that  precipi- 
tation is  normally  in  the  form  of  gentle  showers  or  snow  is  of  vast 
importance  to  agriculture.  The  meteoric  waters  are  absorbed  and 
retained  by  the  fine,  deep  soils,  and  do  not  gather  in  rills,  except 
when  the  ground  is  frozen. 

In  winter,  when  the  land  is  snow-covered,  warm  southwest  winds, 
termed  "chiuook  "  winds,  sometimes  blow,  and  the  snow  evaporates 
and  disappears  rapidly  without  melting.  This  is  unfavorable  to  agri- 
culture, as  much  moisture  is  thus  lost  which  would  be  absorbed  by  the 
soil  if  the  snow  were  melted  slowly.     Again,  in  spring  and  summer, 

>  Compiled  from  the  First  Animal  Report  of  the  Bureau  of  Statistics,  Agriculture,  and  Immi- 
gration [of  the  State  of  Washington],  by  J.  H.  Price,  Olympia,  1890,  pp.  2^-24. 
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hot  winds"  sometimes  wither  the  grain,  and  then  immense  damage 
is  done. 

No  measures  of  the  rain  and  snow  falling  on  the  Blue  Mountaim 
have  been  made,  but  the  precipitation  in  that  section  is  known  to  be 
much  more  abundant  than  on  the  lower  plateau  to  the  north.  I  have 
been  informed  by  persons  familiar  with  the  Blue  Mountains  that  the 
snowfall  in  their  higher  portions  frequently  has  a  depth  of  12  to  1' 
feet.  In  deep  gulches  and  under  the  shelter  of  the  forest  it  remaim 
unmelted  until  late  in  the  spring.  It  is  this  abundant  snowfall  that 
insures  the  permanency  of  the  many  creeks  which  flow  from  the  moun- 
tains. Evidently,  in  a  region  where  there  is  such  a  delicate  balance 
between  climatic  conditions  that  admit  of  profitable  agriculture  and 
those  that  are  accompanied  by  a  failure  of  crops,  care  should  be  takei 
to  preserve  the  forests  on  the  mountains,  for  the  reason,  if  for  nc 
other,  that  they  prevent  the  blowing  away  of  snow,  and  by  sheltering 
it  from  the  sun  delay  its  melting. 

The  range  in  t;emperature  and  precipitation  of  southeastern  Wash 
ington  is  shown  by  the  following  averages,  by  counties:  ^ 
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VEGETATION. 

In  the  western  portion  of  the  area  represented  on  the  accompanying 
map  (PI.  I)  the  vegetation  has  the  desert-like  character  found  so  com 
monly  between  the  Rocky  Mountains  and  Sierra  Nevada-Cascad< 
uplifts.  Sage  brush  (Artemisia)  growing  in  scattered  clumps  gives  i 
monotonous,  grayish-green  tone  to  the  desolate,  treeless  landscape 
Of  brighter  green  is  the  common  greasewood,  which  is  also  familiar  t< 

'First  Annual  Report  of  the  Bureau  of  Statistics,  Agriculture.,  and  Immigration  [of  the  Stati 
of  Washington],  by  J.  H.  Price,  Olympia,  Washington,  1896,  p.  22. 
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every  traveler  in  the  more  arid  portions  of  the  West.  Beneath  these 
desert  shrubs  bunch  grasses  grow  abundantly,  unless  eaten  off  by 
stock,  and  in  early  spring  the  ground  is  beautified  by  many  lovely 
blossoms. 

As  one  travels  eastward  and  gradually  rises  to  the  summit  of  the 
basaltic  plateau  which  forms  the  greater  part  of  eastern  Washington, 
the  desert,  shrubs  disappear  and  the  hillsides  and  valleys  alike  are 
clothed  with  bunch  grasses  and  are  destitute  of  trees  and  shrubs.  In 
recent  years  cattle  and  horses  ranging  over  these  seemingly  bound- 
less pastures  have  eaten  off  the  nutritious  herbage  and  made  the  land 
practically  a  desert. 

Before  the  plateau  of  southeastern  Washington  was  cultivated,  the 
bunch  grasses  extended  all  the  way  to  the  mountains  of  Idaho.  The 
surface  of  the  plateau  was  then  one  vast,  rolling  prairie.  The  Palouse 
River,  which  drains  a  portion  of  the  plateau,  derives  its  name,  it  is 
understood,  from  the  French  word  **pelouse,"  meaning  greensward, 
lawn,  etc.,  and  is  descriptive  of  the  region  as  it  existed  for  many 
years  after  the  coming  of  the  white  man. 

The  forests  still  retain  the  regions  they  originally  occupied,  although 
inroads  have  been  made  with  the  ax.     The  Blue  Mountains  are  cov- 

« 

ered  with  a  varied  and  beautiful  open  forest  of  pines,  spruces,  and 
tamaracks,  which  are  valuable  for  lumber.  With  these  more  impor- 
tant trees  grow  cedars,  mountain  ash,  the  haw,  and  a  multitude  of 
wild  roses  and  berry  bushes.  Similar  vegetation  clothes  the  moun- 
tains of  Idaho  and  extends  down  the  water  courses  that  enter  the 
plateau  region  between  Spokane  and  Snake  rivers.  A  few  of  the 
buttes  in  the  "Palouse  country,"  which  rise  like  islands  through 
the  basalt  of  the  plateau,  are  also  scantily  clothed  with  pines  and 
spmces. 

Along  some  of  the  streams  there  are  scattered  growths  of  Cotton- 
wood, alders,  elders,  willows,  and  roses  growing  in  dense  thickets. 
The  Cottonwood,  however,  seldom  reaches  the  large  size  and  pictur- 
^ue  development  that  is  seen  along  the  Yellowstone  and  on  the 
l>order  of  many  other  streams  in  the  Rocky  Mountains.  The  canyon 
of  Snake  River,  like  the  valley  of  the  Columbia  in  its  middle  course, 
^8  treeless.  Above  Lewiston,  however,  cottonwood  and  occasionally 
^  pine  appears,  and  in  the  canyon  of  Grande  Ronde  groves  of  pine 
along  the  river's  banks  and  on  islands  in  midstream,  as  well  as  in 
lateral  gorges,  give  an  additional  charm  to  that  wild  and  picturesque 
^^gion. 

Over  nearly  all  of  the  agricultural  portions  of  southeastern  Wash- 
ington wood  of  any  kind  is  wanting,  and  all  supplies  for  buildings, 
fences,  fires,  etc.,  are  brought  with  much  labor  from  the  mountains. 
Wood  and  water  are  each  highly  prized  in  most  of  the  agricultural 
regions.  Water  is  frequently  carried  in  tank  wagons  for  a  distance  of 
1^  or  15  miles  and  stored  in  cisterns  for  domestic  use  and  the  watering 
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of  stock.  The  conditions  that  have  given  large  portions  of  Washing- 
ton wonderfully  rich  and  easily  cultivated  soils  have  been  less  favor- 
able to  man  in  other  directions. 

TOPOGRAPHY  AND  DRAINAGE. 

Prevailing  topographic  features, — The  portion  of  Washington  lying 
to  the  south  of  Spokane  River,  together  with  what  is  termed  the  "  Big 
Bend  country" — a  region  in  the  central  part  of  the  State,  bounded  on 
the  north  and  west  by  Columbia  River — is,  when  minor  features  are 
disregarded,  a  great  plateau.  This  plateau  has  been  moderately  dis- 
turbed by  movements  in  the  earth's  crust  which  have  caused  eleva- 
tions at  certain  localities  and  depressions  at  others;  the  uniformity  of 
the  surface  has  also  been  broken  by  stream  erosion,  and  great  canyons 
have  been  formed.  The  plateau  is  lowest  in  its  southwestern  jwrtion, 
where  the  elevation  above  the  sea,  as  at  Pasco,  is  but  386  feet,  and 
rises,  particularly  on  its  eastern  border,  to  a  general  level  of  between 
2,000  and  2,500  feet.  The  general  slope  in  the  region  between  Spo- 
kane River  and  the  Blue  Mountains  is  westward.  In  the  absence  of 
accurate  topographical  surveys,  it  is  impossible  to  state  just  what  is 
the  slope  of  the  general  plateau  surface,  but  from  such  information 
as  is  in  hand  a  broad  belt  adjacent  to  the  Washington-Idaho  bound- 
ary appears  to  be  but  gently  inclined.  The  chief  portion  of  the 
descent  from  the  eastern  border  to  the  depressed  central  region  near 
the  Columbia  is  due  largely  to  erosion. 

An  exception  to  this  general  and  very  gentle  westerly  inclination  of 
the  plateau's  surface  occurs  in  the  extreme  south-central  jwrtion  of 
Washington,  beginning  a  mile  or  two  south  of  Wallula,  on  the  Colum- 
bia, and  extending  far  into  Oregon.  In  that  region  a  large  block  of 
the  originally  level  plateau  has  been  tilted  so  as  to  incline  gently 
southeastward.  The  Columbia  below  Wallula  has  cut  a  steep- walled 
canyon  some  600  or  800  feet  deep  through  this  upraised  region.  Again, 
in  what  may  be  designated  as  the  southeast  corner  of  Washington, 
and  extending  far  southward  into  Oregon,  there  has  been  another 
upheaval  which  has  formed  the  Blue  Mountains.  These  so-called 
mountains  are  essentially  a  low,  flat  dome,  elevated  about  2,000  feet 
above  the  general  plateau  surface.  The  uplift  is  so  broad  in  compar- 
ison with  its  height  that  it  is  in  reality  a  plateau,  although  now  deeply 
dissected  by  stream  erosion. 

The  reader  will  be  greatly  assisted  as  he  reads  the  following  pages 
if  he  will  bear  in  mind  that  southeastern  Washington,  northward 
from  the  gentle  uplift  just  mentioned,  all  the  way  to  Spokane  River, 
is  a  nearly  uniform  plateau,  the  general  surface  of  which  is  inclined 
very  gently  westward.  Over  much  of  this  vast  region,  embracing 
fully  25,000  square  miles,  and  particularly  in  its  eastern  half,  the 
country  is  so  nearly  level  that  no  one  on  looking  over  it  could  dis- 
tinguish any  departure  of  the  general  surface  from  a  plain.    This 
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plateau  is,  as  will  be  explained  later,  the  surface  of  a  series  of  hor- 
izontal basaltic  lava  sheets,  and  will  for  convenience  be  spoken  of  as 
the  ''basaltic  plateau."  On  the  east  this  plateau  is  bordered  by  the 
mountains  of  Idaho.  The  junction  of  the  plateau  with  the  moun- 
tains coincides  in  a  general  way,  from  Snake  River  northward,  with 
the  Washington-Idaho  boundary. 

The  basaltic  plateau  is  crossed  from  east  to  west  by  Snake  River, 
which  flows  through  a  deep,  steep-walled  canyon.  There  are  several 
streams  that  rise  in  the  mountains  of  Idaho  and  in  the  Blue  Mountains 
of  Washington  and  Oregon  which  traverse  the  plateau  in  deep,  nar- 
row, trench-like  valleys,  which  in  fact  are  true  canyons.  There  are 
also  a  few  small  streams  which  have  their  sources  on  the  neJtly  level 
plateau  and  flow  through  deep  valleys,  which  again  are  frequently 
canyon-like.  Although  the  plateau  has  been  deeply  cut  by  the  streams 
flowing  across  it,  yet  broad,  flat-topped  interstream  spaces  still  remain 
to  show  what  would  have  been  the  character  of  the  entire  region  if  it 
had  not  been  deeply  dissected. 

Standing  on  the  plateau  between  the  branches  of  the  various  streams 
that  have  sunk  their  channels  deeply  into  the  rocks,  the  valleys,  can- 
yons, and  ravines  are  concealed  from  view,  and  a  limitless  plain 
extends  away  to  the  horizon  in  all  directions,  or  to  the  bordering 
mountains.  In  some  regions,  particularly  in  the  **Palouse  country," 
the  surface  of  the  plateau  is  roughened  by  short,  rounded  hills  50 
to  80  feet  high;  but  in  a  general  view  none  of  the  hills  are  prominent, 
and  they  do  not  detract  from  the  impression  that  the  surface  is  essen- 
tially level.  If  one  tries  to  travel  in  a  straight  line  in  any  direction 
across  the  plateau,  one  soon  learns  that  it  has  characteristics  which 
are  in  marked  contrast  to  its  level  surface.  One  may  travel  through 
the  deeply  sunken  valleys  and  canyons  for  scores  of  miles,  and  in  the 
case  of  Snake  River  Canyon  for  over  150  miles  continuously,  and  be 
shut  in  at  all  times  by  walls  of  rock  that  seem  like  mountain  ranges 
on  either  hand. 

On  the  plateau's  surface  solid  rock  is  not  in  view  unless  it  is  in  the 
walls  of  some  neighboring  canyon.  The  soil  is  fine  and  deep,  and  not 
a  pebble  is  to  be  seen.  In  the  canyons  the  somber  walls  on  either  side 
are  formed  of  the  edges  of  thick  sheets  of  basalt,  and  frequently 
columnar  precipices  rise  tier  above  tier,  each  step  being  from  50  to 
100  feet  or  more  in  height.  The  walls  of  the  smaller  canyons  are  in 
numerous  instances  from  500  to  1,000  feet  high.  The  lateral  canyons 
that  join  Snake  River  have  a  depth  of  2,000  feet,  that  being  the  gen- 
eral depth  to  which  that  master  stream  has  dissected  the  plateau  from 
Lewiston  nearly  to  its  junction  with  the  Columbia. 

The  views  beheld  on  the  uplands  and  in  the  valleys  are  thus  as 
strongly  contrasted  as  if  they  belonged  to  entirely  different  regions. 
As  the  railroads  usually  follow  the  valleys,  a  traveler  is  impressed 
with  the  prevalence  of  black  basaltic  rocks.     In  crossing  the  uplands, 
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the  total  absence  of  rock  exposures  over  broad  areas  frequently  lea 

one  to  wonder  if  solid  rock  actually  exists  at  a  moderate  depth  beL^z^iv 

the  fine  soil  of  the  surface. 

Where  the  general  plateau  rises  to  make  the  lower  slopes  of  the  B!M^^^ue 
Mountains,  and  throughout  that  more  elevated  portion  of  the  plate^i^^ 
deep  erosion  has  taken  place,  as  well  as  deep  rock  disintegration  i^^xnd 
decay.     The  foothills  of  the  Blue  Mountains  are  rounded,  and  h^^^ve 
beautifully  curving  outlines  and  contours.     The  first  impression  o:«ae 
gets  on  seeing  these  mountains  from  the  north  and  west,  as  from  "fclae 
vicinity  of  Walla  Walla,  for  example,  is  that  they  are  ©omposeA   of 
soft,  easily  eroded  rocks.     The  similarity  of  the  hills  in  slopes  a.iid 
general  features  to  the  forms   assumed   by  elevations  composed     of 
unconsolidated  clay  or  easily  eroded  shales,  as  they  waste  away 
beneath  the  beating  of  rain  and  are  cut  by  rivulets  and  brooks,  is  so 
striking  that  one  is  astonished  when  one  learns  that  the  Blue  Moixn- 
tains  are  in  reality  composed  of  layer  on  layer  of  horizontally  bedded 
basalt,  a  rock  that  is  among  the  most  resistant  to  mechanical  wear  of 
those  commonly  found  on  the  earth's  surface.     As  the  reader  will  lear^ 
later,  the  basalt,  although  hard  and  resistant  to  forces  tending  '^ 
abrade  it,  yet  yields  with  comparative  rapidity  to  agencies  which  lef^^ 
to  disintegration  and  decay.     The  basalt  in  the  region  here  consider^^^ 
weathers  readily,  and  the  loose  products  of  disintegration  are  not  c^^^f 
ried  away  so  rapidly  as  they  are  formed.     A  fine,  soft,  residual  so       ^ 
covers  the  land  and  imparts  to  nearly  all  its  minor  features  the  chai 
acteristic  flowing  outlines  and  gentle  curves  so  common  in  regioi 
where  soft  rocks  alone  occur.     It  is  only  in  the  canyons,  even  in  th"  -^ 
elevated  and  most  completely  dissected  portion  of  the  plateau  forming  ^^ 
the  Blue  Mountains,  that  the  angular  forms  due  to  solid  rock  exposur^'^'^^ 
attract  attention. 

The  prevailing  colors  in  the  landscape  to  be  seen  on  the  plateau'^ 
surface,  when  not  due  to  vegetation,  are  light  yellowish-gray  in  th^-^^® 
western  part  and  dark  brown — the  color  of  rich  humus  soil — in  the  east-i^^ 
ern  portion.  The  bright  reds  and  yellows  so  common  in  many  regions 
of  deep  rock  deeaj^  especially  where  the  climate  is  humid,  nowhei 
meet  the  eye.  Not  a  trace  of  the  deep  red  so  characteristic  of  th^-^^^ 
soils  of  Virginia,  and  of  tlie  southern  Appalacliian  region  generally^^^^f' 
can  be  found  in  all  of  the  deeply  decayed  surface  of  the  basaltic -^"^^^ 
plateau. 

In  a  far-reaching  view  during  the  summer  season  over  the  surfac»^^^^^^ 
of  the  plateau  surrounding  the  Blue  Mountains,  except  on  the  easP"-^^* 
and  also  northward  through  Whitman  and  Spokane  counties  to  Sp<-^^  ^ 

kane  River,  the  univei'sal  colors  are  brown  and  yellow — the  brown  c -^^ 

plowed  land  and  the  golden  of  wheat  fields.     The  wheat  lands  as         ^ 
rule  are  sown  but  every  other  year,  so  that  practically  half  of  th:^^ 
land  lies  fallow  each  summer.     After  the  harvest,  when  the  stubb"^^ 
fields  are  plowed  and  the  soil  is  moistened  with  rain,  the  fields  beconn^ 
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dark  brown  and  appear  almost  black.  In  the  canyons,  where  one  is 
overshadowed  and  shut  in  by  walls  of  basalt,  the  tone  of  the  land- 
scape is  always  somber,  and  frequently  oppressive.  The  black  walls 
of  rock  find  but  little  contrast  in  the  scant  vegetation.  The  polished 
and  shining  stems  of  the  bunch  grass,  however,  which  grows  on  every 
jutting  ledge  and  smooth  talus  slope,  frequently  clothe  the  dark 
precipices  with  a  silken  garment  of  pearly  gray. 

Throughout  the  entire  region  from  the  Blue  Mountains  northward 
to  Spokane  River,  and  westward  from  the  mountains  of  Idaho  for  100 
miles  or  more,  the  general  features  of  the  land  are  the  same.  The 
topography  is  young.  The  streams  have  not  advanced  far  in  their 
task  of  cutting  away  the  rocks  forming  the  plateau  and  of  reducing 
the  land  to  sea  level.  This  appointed  task,  although  well  begun,  has 
been  delayed,  and  over  the  central  and  western  portions  of  the  plateau 
has  been  entirely  checked  by  a  decrease  in  rainfall.  It  is  a  relief  to 
leave  this  region  of  broad  plateau  surface  and  narrow  trench-like 
valleys — not  only  of  young  but  infantile  drainage — and  visit  the 
extreme  southeastern  corner  of  Washington,  where  a  similar  work 
has  been  carried  on  more  energetically.  The  Snake  River  has  there 
cut  through  the  eastern  flank  of  the  Blue  Mountain  uplift  and  exca- 
vated a  canyon  about  4,000  feet  deep  and  not  less  than  15  miles  broad 
from  brink  to  brink.  An  important  tributary  river,  the  Grande 
Ronde,  rising  in  many  branches  in  the  Blue  Mountains,  has  excavated 
an  intricate  series  of  branching  canyons,  the  main  trunk  of  which  is 
M  deeply  sunken  in  the  rocks  as  the  magnificent  gorge  of  the  master 
river.  In  this  region  the  topographic  features  were  originally  the 
same  as  in  the  less  completely  dissected  portions  of  the  lava-covered 
country,  but  for  certain  reasons  the  work  of  the  streams  is  further 
*<^vaneed.  The  spaces  between  the  streams  are  no  longer  flat-topped 
^ninants  of  the  plateau's  surface,  but  the  entire  region  bristles  with 
sharp-crested  ridges  and  is  diversified  in  a  wonderful  manner  with 
spires  and  pinnacles. 

^  a  person  climbs  to  the  summit  of  one  of  the  higher  ridges  and 

^i^s  an  elevation  of  about  3,000  feet  above  the  canyons  on  either 

^^^%  he  will  see  that  many  other  ridges  rise  to  approximately  the  same 

^^^ghts  and  that  what  appears  to  be  a  group  of  sharp,  angular  moun- 

^^^8,  separated  by  a  labyrinth  of  canyons  with  silvery  threads  of 

^*ter  in  their  bottoms,  is  in  reality  a  deeply  dissected  pla'^^eau.     The 

^Pography  is  still   young,   although  approaching  maturity.      The 

'^^'^ms  have  not  yet  widened  their  valleys  materially,  but  rapid 

^^^y  has  crumbled  the  walls  between.     The  region  treated  in  this 

'^Port  thus  furnishes  splendid  examples  of  the  various  stages  in  the 

P^^Hjess  by  which  a  plateau  is  eaten  away  by  streams.     If  space  per- 

^^ted,  it  would  be  instructive  to  take  the  reader  to  the  mountains  of 

^^cient  crystalline  rock  surrounding  the  basaltic  x^lateau  on  the  east 
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and  north  and  point  out  the  characteristics  of  a  region  that  has  long 
been  exposed  to  the  rain,  sunshine,  and  frost,  and  from  which  the 
streams  have  been  carrying  their  burdens  of  disintegrated  roclc  for 
geological  ages.  We  could  thus  learn  what  is  meant  by  the  term  old 
topography.  The  forms  of  the  original  uplifts  are  lost,  and  only  the 
remnants  of  once  lofty  mountains  remain. 

The  bases  of  the  old  mountains  were  partially  submerged  by  the 
overflow  of  molten  lava  that  formed  the  plateau  of  southeastern 
Washington.  The  lava  entered  the  valleys  and  gave  them  level  floors 
of  rock.  Mountain  spurs  project  into  the  plateau,  like  headlands 
along  the  ocean  shore.  Some  of  the  old  mountains,  separated  by 
erosion  from  their  neighbors,  were  completely  surrounded  by  the  inxm- 
dations  of  lava  and  now  rise  as  islands  above  its  surface.  Steptoe 
Butte  is  an  example  of  these  ancient  peaks  which  project  through  the 
lava  of  the  plateau.  These  interesting  features  in  the  topography  of 
the  border  land  between  Washington  and  Idaho  will  be  better  under- 
stood, however,  after  the  character  and  origin  of  the  basaltic  rock  of 
that  region  are  discussed. 

General  characteristics  of  tlie  drainage, — All  of  the  lines  of  drain- 
age in  the  portion  of  Washington  here  treated  lead  to  Columbia  River. 
The  principal  stream  is  Snake  River,  which  flows  across  southeastern 
Washington  from  east  to  west  in  a  deep  canyon,  which  is  the  strong- 
est natural  boundary  in  the  region.  South  of  Snake  River,  all  of  the 
perennial  streams  rise  in  the  Blue  Mountains  and  flow  in  all  directions, 
their  courses  being  determined  by  the  original  slopes  of  the  uplift.  In 
the  language  of  the  geographer,  these  are  "  consequent "  streams.  All 
of  them,  as  was  stated  in  describing  the  general  topographic  features 
of  the  region,  traverse  deep  gorges  in  the  flanks  of  the  Blue  Moun- 
tain uplift,  and  in  numerous  instances,  on  gaining  the  less  undisturbed 
plateau  surrounding  it,  flow  through  deep  canyons.  The  streams 
from  the  Blue  Mountains,  which  are  tributary  to  Snake  River,  join 
that  stream  in  canyons  that  at  their  mouths  are  as  deeply  cut  as  the 
canyon  of  the  main  river. 

Throughout  the  basaltic  plateau  north  of  Snake  River  the  principal 
streams  rise  in  the  mountains  of  Idaho,  and,  with  the  exception  of 
Spo^'^ane  River,  have  their  sources  near  the  Washington-Idaho  bound- 
ary. In  crossing  the  basaltic  plateau,  the  valleys  and  canyons  of 
these  streams  sink  deeper  and  deeper.  The  minor  streams  from  the 
mountain  are  tributary  to  two  rivers — the  Palouse,  which  empties  into 
Snake  River,  and  the  Spokane,  which  joins  the  Columbia  before  it 
makes  its  wide  detour  to  the  westward. 

Besides  the  streams  mentioned — which,  however,  include  nearly  all 
the  perennial  surface  water  in  the  portion  of  the  basaltic  plat.eau 
under  consideration — there  are  minor  streams,  mere  brooks,  in  fact, 
which  rise  in  valleys  excavated  in  the  plateau  when  the  rainfall  was 
more  abundant  than  at  present,  and  are  fed  mainly  by  springs  and  the 
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general  seepage  from  soil  and  rocks.  The  channels  of  many  of  the 
small  streams  are  dry  in  summer,  or  their  water  may  flow  for  a  short 
distance,  but  fail  to  reach  the  main  rivers.  Some  of  these  trunkless 
branches  are  indicated  in  the  accompanying  map  (PI.  I),  but  as  they 
are  sensitive  to  minor  climatic  changes  they  vary  materially  in  length 
from  month  to  month,  and  almost  from  day  to  day,  and  can  not  be 
accurately  plotted. 

Snake  River. — As  already  stated,  the  principal  river  of  the  south- 
eastern portion  of  Washington  is  Snake  River.     With  the  exception 
of  the  Columbia,  this  is  the  only  navigable  river  in  Washington  east  of 
the  Cascade  Mountains.     It  has  its  source  far  to  the  eastward,  in  the 
vicinity  of  the  Yellowstone  National  Park,  and  flows  through  south- 
em  Idaho.     In  what  may  be  termed  its  middle  course,  for  about  35 
miles,  it  forms  the  boundary  between  Washington  and  Idaho,  and 
then  bends  abruptly  westward,  where  Lewiston  is  situated,  and  for  130 
miles  flows  in  a  deep  trench  in  the  basaltic  plateau  to  the  Columbia. 
At  the  southeast  corner  of  Washington  the  canyon  of  Snake  River 
is  fully  4,000  feet  deep,  but  below  Asotin  the  height  of  its  walls 
decreases,  and  thence  to  near  its  mouth  it  has  a  nearly  uniform  depth 
of  2,000  feet.     The  walls  of  the  canyon  are  precipitous  throughout,  and 
in  numerous  instances  are  nearly  vertical  for  a  large  portion  of  their 
height.    This  great  gash  in  the  rocks,  of  which  the  160  miles  below 
Mount  Wilson  is  but  a  portion,  has  been  worn  by  the  river  in  dense, 
^^istant  rocks.     The  canyon  walls  throughout  the  region  treated  in 
this  report  are,  with  slight  exceptions,  formed  entirely  of  the  edges 
0^  horizontally  bedded  basalt.     The  weathering  of  the  edges  of  the 
basaltic  sheets  has  caused  them  to  recede  unequally  and  form  steps 
^^  terraces  in  the  faces  of  the  precipices.     Where  the  walls  are  st/cep- 
^t  they  present  a  series  of  narrow  steps  covered  with  soil  and  clothed 
^^h  grasses,  separating  vertical  rises  of  bare  and  frequently  columnar 
^k,  varying  in  height  in  most  instances  from  50  to  125  feet. 

Tlie  canyon  walls,  to  an  observer  from  below,  frequently  appear  to 
"®  Nearly  vertical,  but  the  impression  of  their  steepness  gained  from 
SDcli  a  view  is  usually  much  exaggerated.  Owing  to  talus  slopes  on 
^he  shelves  and  the  fact  that  the  escarpments  of  solid  rock  are  f re- 
Q^ently  broken  by  side  gulches,  I  think  it  is  safe  to  say  that  nowhere 
^8  there  a  space  half  a  mile  in  length  up  which  one  might  not  climb, 
^^ttle  and  horses  graze  on  the  canyon  walls  in  many  places.  Expe- 
"^liee  has  made  these  animals  nearly  as  sure-footed  as  goats,  but 
"^^^iched  bones  at  the  base  of  the  precipice  show  that  occasionally 
^^^idents  happen  to  them. 

iTie  walls  of  the  canyon  are  scored  by  steep  lateral  gulches,  with 
"^titress-like  ridges  standing  between.  Many  tributary  streams  enter 
^^^  canyon  at  the  level  of  the  river,  and  have  curv^ed  and  branching 
*^t;^ral  canyons  and  gorges  which  extend  away  from  the  river  10  miles 
^^  more  before  gaining  the  surface  of  the  plateau.  The  work  per- 
^^nned  by  flowing  water  in  excavating  the  numerous  canyons  and 
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valleys  is  impressive,  and  most  striking  examples  of  stream  erosion 
meet  one  on  every  hand. 

Snake  River  is  a  swift  stream,  the  descent  in  the  portion  below 
Lewiston,  as  determined  by  the  United  States  Engineer  Corps,  being 
2.48  feet  per  mile,  and  is  still  engaged  in  corrading  the  bottom  of  its 
channel.  Rapids  due  to  solid  rock  occur  at  numerous  localities.^ 
Many  of  these  obstructions  have  been  removed  for  the  purpose  of 
facilitating  navigation,  but  at  low-water  stages  danger  still  exists. 
Steamboats  have  ascended  the  river  from  its  mouth  to  Wild  Goose 
Rapids,  a  distance  of  about  170  miles;  but  owing  to  numerous  rocks 
and  shoals  below  Riparia,  where  a  branch  of  the  Union  Pacific  Rail- 
road now  crosses  the  river,  navigation  is  practically  confined  to  the 
portion  of  the  river  which  lies  between  Riparia  and  Lewiston.  Other 
navigable  reaches  of  the  river  occur  above  Wild  Groose  Rapids,  but 
they  are  beyond  the  region  under  consideration. 

Measurements  of  the  volume  of  Snake  River  are  not  necessary  to 
impress  the  beholder  with  the  fact  that  it  is  an  important  stream. 
Its  broad,  swift  current  assures  one  that  the  waters  of  a  vast  region 
are  there  journeying  to  the  sea.  At  the  lowest  stages  the  river  is  in 
general  about  1,000  feet  broad.  Measurements  made  by  officers  of 
the  United  States  Engineer  Corps  at  Texas  Rapids  show  that  26,000 
cubic  feet  of  water  flow  past  during  each  second.  When  the  snow  is 
melting  on  the  mountains  of  Idaho  and  Wyoming  the  river  rises  from 
20  to  30  feet  above  its  summer  stage,  and  becomes  a  wild,  rushing 
flood  of  muddy  water.  Its  volume  at  such  times  must  be  in  excess  of 
100,000  cubic  feet  per  second. 

As  has  been  stated,  the  river  is  still  deepening  its  channel.  But 
little  lateral  erosion  has  taken  place,  and  no  general  flood  plain  bor- 
ders its  shores.  Where  the  river  forms  sharp  bends,  more  particu- 
larly in  the  portion  below  Lewiston,  there  are  frequently  deposits  of 
sand  which  rise  a  few  feet  above  ordinary  high-water  stages.  These 
"bars,"  as  they  are  termed,  are  in  some  instances  200  or  300  acres  in 
area.  When  planted  with  fruit  trees  and  properly  irrigated  these 
light,  sandy  lands  yield  splendid  crops  of  peaches,  apricots,  plums, 
grapes,  etc.  The  warm  climate  of  the  canyon  is  especially  favorable 
for  fruit  raising.  Above  Lewiston,  where  the  canyon  is  deeper,  and 
where  certain  changes  occur  in  the  character  of  the  rocks  inclosing 
it,  the  gorge  is  wider  than  where  it  crosses  the  basaltic  plateau  in  its 
westward  course,  and  the  terrace-like  lands  in  its  bottom  are  of  greater 
extent,  although  nowhere  more  than  a  few  hundred  feet  broad. 

An  interesting  episode  in  the  history  of  Snake  River  Canyon  is 
recorded  by  fragments  of  a  high  gravel  terrace  that  occur  in  it.     At 

*  In  connection  with  the  fact  that  Snake  River  is  still  deepening  its  channel,  it  is  of  interest 
to  note  that  Colambia  River  is  engaged  in  a  similar  task.  At  the  head  of  the  steep- walled  can- 
yon through  which  the  Columbia  flows,  below  Wallnla,  ledges  of  basalt  cross  the  stream,  but 
steamers  can  generally  traverse  the  deeper  channels.  This  obstruction  is  due  to  movements, 
apparently  still  in  progress,  in  a  large  block  of  the  basaltic  plateau  which  has  been  uplifted 
across  the  course  of  the  stream,  and  for  a  time  caused  it  to  spread  out  and  form  a  large  lake. 
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almost  any  locality  on  the  bank  of  the  canyon  an  observer  will  have 
in  view,  usually  on  the  concave  side  of  a  curve  in  the  river  course,  a 
terrace  of  coarse  gravel  and  sand,  the  surface  of  which  is  about  360 
feet  above  the  stream.  The  descent  from  the  flat  surface  of  the  ter- 
race to  the  river  is  usually  a  smooth  slope  with  an  inclination  of  from 
18  to  22  degrees.  The  canyon  was  at  one  time  filled  from  side  to  side 
with  deposits  of  the  character  shown  in  the  terrace  and  to  a  depth 
recorded  by  the  level  of  the  deposits  remaining.  The  river  has  since 
reexcavated  its  canyon,  leaving  fragment's  of  the  former  filling  at 
localities  from  which  the  current  was  deflected.  The  gravel  and  sand 
referred  to  show  that  the  river,  after  excavating  its  canyon  to  its  pres- 
ent depth,  was  checked  in  its  rate  of  flow  or  so  greatly  overloaded 
that  it  could  not  carry  away  all  the  debris  brought  to  it,  and  deposited 
its  excess  of  load  so  as  to  raise  its  bed  360  feet.  Subsequently,  re- 
newed energy,  or  a  decrease  in  the  supply  of  debris  delivered  to  the 
river  by  its  tributaries,  allowed  the  stream  to  carry  away  the  greater 
part  of  the  material  deposited. 

The  gravel  deposit  referred  to  extends  into  each  tributary  canyon. 
In  such  situations  the  lateral  streams  have  cut  modem  channels 
through  it,  leaving  terraces  as  in  the  main  canyon.  ,  These  gravel 
deposits  are  composed  in  part  of  worn  and  rounded  fragments  of 
basalt,  but  consist  principally  of  quartzite,  granite,  and  igneous  rocks 
of  older  date  than  the  basalt.  The  nature  of  this  material  shows  that 
it  was  brought  by  Snake  River  from  far  up  its  course.  The  gravel 
was  carried  from  the  main  canyon  in  some  instances  for  several  miles 
^P  the  tributary  canyons,  as  may  be  seen  especially  along  Tokanon 
River  at  Starbuck,  and  checked  the  flow  of  the  lateral  streams.  Small 
^fikes  were  formed  in  some  instances  in  the  side  canyons,  owing  to  the 
abundant  deposition  of  material  at  their  mouths. 

Terraces  similar  to  the  great  terrace  in  Snake  River  Canyon  occur 

^hng  the  upper  Columbia  on  the  border  of  Spokane  River,  and  to  a 

^^ss  marked  degree  in  the  canyons  and  valleys  of  the  streams  flowing 

^m  the  Blue  Mountains,  showing  that  the  widely  extended  influence 

^*Uch  caused  the  streams  to  deposit  a  part  of  their  loads  affected  a 

^^^y  large  portion  and  probably  the  whole  of  the  hydrographic  basin 

^^  Columbia  River  at  a  comparatively  recent  date.    The  nature  of 

*^^  change  which  caused  so  many  streams  to  partially  fill  their  chan- 

^^Xs  and  then  reexcavate  them  will  be  discussed  later. 

Walla  WdUa  River. — ^This  is  one  of  the  few  streams  having  river- 

^^e  proportions  which  rise  within  the  region  covered  by  the  Columbia 

^Va.    Its  various  branches  head  in  the  northern  and  northwestern 

^^rtions  of  the  Blue  Mountains  and  follow  westerly  courses.     Their 

^^^ted' waters,  which  enter  the  Columbia  at  Wallula,  form  a  stream 

^at  in  late  summer  has  an  average  width  of  50  to  60  feet,  and  dis- 

^liarges  by  estimate  from  100  to  150  cubic  feet  per  second.     During 

^%h-water  stages  their  volume  is  increased  many  fold. 
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In  common  with  all  other  streams  in  southeastern  Washington,  the 
Walla  Walla  is  clear  except  after  rains,  and  furnishes  wholesome 
water  for  domestic  use.  Where  the  many  branches  of  the  river  leave 
the  mountains  they  are  especially  clear,  for  the  reason  that  they  are 
supplied  by  infiltration,  and  all  matter  in  suspension  has  been 
removed.  The  Walla  Walla  and  its  branches  furnish  instructive 
examples  of  what  geographers  term  "consequent"  streams — ^that  is, 
streams  which  are  directed  in  their  course  by  the  original  surface 
slope  of  the  land.  As  has  been  stated,  the  Blue  Mountains  are  an 
upraised  portion  of  the  basaltic  plateau.  The  uplift  has  the  form,  at 
the  north  at  least,  of  a  low,  flat-topped  dome,  in  which  the  rocks  are 
horizontal  except  about  the  gently  inclined  margins.  The  general 
plateau  surface  to  the  northward,  as  already  stated,  slopes  gently 
westward.  The  streams  from  the  mountains  radiate  in  all  directions, 
but  those  which  reach  the  lower  plateau  change  their  courses  in 
obedience  to  the  general  slope  of  the  surface,  in  which  they  have 
sunken  their  channels.  This  is  seen  especially  in  Touchet  River, 
the  principal  tributary  of  the  Walla  Walla  from  the  north.  This 
stream  is  formed  by  the  union  of  several  branches  which  start  on  the 
north  side  of  the  Blue  Mountains  and  flow  northward  down  the  gentle 
slope  of  that  uplift  until  the  lower  plateau  is  reached  and  then  bend 
westward.  The  trunk  stream  of  the  Touchet  has  its  direction  deter- 
mined by  the  westward  slope  of  the  plateau  it  traverses  for  20  miles. 
This  slope  is  not  continued  to  the  Columbia,  however,  but  an  upheaval 
of  another  portion  of  the  tableland  lying  principally  to  the  west  of 
that  river,  and  briefly  described  in  the  next  paragraph,  changes  the 
direction  of  the  Touchet  and  causes  it  to  flow  southward  for  about  12 
miles  before  joining  the  Walla  Walla. 

Immediately  south  of  Wallula  is  another  block  of  the  Columbia 
lava,  which,  as  previously  stated,  has  been  gently  tilted.  The  tilting 
is  so  moderate  and  affects  such  a  large  area  that  the  edges  of  the  lava 
sheets  appear  horizontal.  The  upraised  area  is  bounded  on  the  north 
by  a  line  of  cliffs  near  the  Columbia.  When  followed  eastward,  these 
cliffs  lose  the  precipitous  character  and  change  to  hill  slopes  which 
die  away,  some  at  a  distance  of  20  or  25  miles.  This  line  of  abrupt 
change  in  slope  probably  indicates  the  presence  of  a  break  and  the 
upheaval  of  the  rocks  on  its  southern  border — that  is,  the  uplift  has 
been  by  faulting.  In  looking  westward  from  the  Blue  Mountains,  it 
is  evident  that  the  uplift  just  described  has  given  a  southeasterly 
slope  to  the  surface  of  the  country,  which  extends  far  southward  into 
Oregon. 

The  Walla  Walla  River  on  leaving  the  Blue  Mountains  flows  west- 
ward in  a  deep  canyon,  the  direction  of  which  was  determined  by  tha 
slope  of  the  uplift.  At  the  foot  of  the  mountain  it  emerges  as  a  sur- 
face stream,  and  is  turned  northward  by  the  slope  produced  by  the 
upheaval  south  of  Wallula.     Not  only  does  the  branch  of  the  Walla 
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Walla,  for  which  the  name  of  the  trunk  stream  is  retained,  behave  in 
the  manner  described,  but  several  other  branches,  of  which  Cotton- 
wood, Russell,  and  Mill  creeks  are  the  most  important,  also  become 
surface  streams  on  leaving  the  mountains.  These  various  branches, 
where  they  come  together  in  the  vicinity  of  Whitman,  atout  G  miles 
west  of  Walla  Walla,  are  depositing  the  loads  they  carry  during  floods 
and  building  up  their  channels  and  flood  plains.  On  account  of  the 
filling  that  is  in  progress,  some  of  the  branches,  notably  Mill  Creek, 
divide,  after  the  manner  of  a  stream  on  its  delta,  and  contribute  their 
waters  to  the  Walla  Walla  through  two  or  more  mouths.  As  one  con- 
tinues on  down  the  Walla  Walla  to  its  junction  with  the  Columbia, 
its  channel  grows  gradually  deeper  and  deeper,  and  below  the  mouth 
of  the  Touchet  and  near  Wallula  is  certainly  50  or  60  feet  below  the 
general  surface. 

This  abnormal  behavior  of  the  Walla  Walla  and  its  branches  has 
led  to  legislative  enactments  which  determine  what  proportion  of  the 
waters  should  be  allowed  to  flow  through  certain  of  the  bifurcating 
channels. 

The  manner  in  which  the  streams  near  Whitman  are  raising  their 
channels  so  as  to  allow  their  waters  to  divide  is  a  matter  of  much  geo- 
graphical interest,  as  it  indicates  that  movements  in  the  basaltic  pla- 
teau are  still  in  progress.     The  depressed  region  between  the  Blue 
Mountains  and  the  smaller  uplift  to  the  west  is  probably  slowly  sink- 
^g.    The  rate  of  this  subsidence  is  such  that  the  streams  are  barely 
*We  to  keep  pace  with  it  by  grading  up  their  beds.     During  high- 
^*ter  stages,  I  have  been  informed,  expansions  of  the  streams  occur 
^hich  resemble  lakes.     The  expanded  waters  of  the  creeks  are  then 
^'^ited  and  much  of  the  individuality  of  the  various  channels  is  lost. 
The  several  branches  of  the  Walla  Walla  furnish  excellent  sources 
^^  supply  for  town  water  and  for  irrigating  purposes.     In  another 
^tion  of  this  report  the  manner  in  which  Mill  Creek  is  utilized  at 
1^^  city  of  Walla  Walla  will  be  described.     For  purposes  of  irrigation, 
^'^  order  to  make  full  use  of  the  natural  conditions,  it  will  be  necessary 
^  store  the  winter  run-off  in  the  canyons  of  the  Blue  Mountains  and 
'^^Id  it  for  summer  use.     If  this  can  be  done  economically,  a  very 
*^rge  portion  of  the  rich  lands  along  the  Walla  Walla  and  its  tributaries 
^n  be  made  many  times  more  productive  than  they  are  at  present. 

Tokanon  River. — This  so-called  river  and  its  principal  branch,  the 
^ataha,  rise  on  the  north  side  of  the  Blue  Mountains  and  enter  Snake 
^iver  through  a  deep  canyon.  The  Tokanon  and  Pataha  flow  north- 
>ard  in  their  upper  courses,  their  direction  having  been  determined 
in  their  infancy  by  the  slope  of  the  surface,  but  before  uniting  they 
curve  westward,  in  obedience  to  the  gentle  westward  inclination  of  the 
plateau  into  which  they  have  carved  their  channels.  After  the  Pataha 
joins  the  Tokanon  the  latter  flows  west  for  6  miles  and  then  turns  at 
a  right  angle  on  entering  a  gorge  which  leads  it  to  Snake  River,    A 
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careful  survey  would  probably  show  that  the  Tokanon  in  its  youth 
continued  to  flow  westward  and  became  tributary  to  the  Touchet,  but 
that  it  was  diverted  at  the  present  site  of  Starbuck  by  a  small  high- 
grade  stream  that  flowed  to  the  Snake. 

The  Tokanon  at  its  mouth  is  but  a  brook  in  summer,  across  which 
one  may  step  on  the  larger  stones  strewn  along  its  channel  without 
wetting  one's  feet.  The  Pataha  was  dry  in  its  lower  course  when  I 
visited  its  valley  in  August,  and  had  shrunk  back  as  far  as  Pome- 
roy.  The  canyons  and  valleys  through  which  these  two  streams  flow 
are  deep  and  out  of  all  proportion  to  the  streams  that  occupy  them. 
In  its  lower  course  the  Tokanon  is  nearly  2,000  feet  below  the  general 
level  of  the  adjacent  plateau.  Many  other  examples  of  this  nature 
indicate  that  the  streams  of  the  basaltic  plateau  were  formerly  larger 
and  more  numerous  than  at  present. 

Deadman  Creek, — The  creek  with  this  doleful  name,  which,  how- 
ever, is  suggestive  of  its  own  nearly  terminated  existence,  is  an 
exception  to  most  of  the  streams  of  the  basaltic  plateau,  for  the 
reason  that  it  does  not  rise  in  an  elevated  region,  but  is  supplied  in  a 
feeble  manner  by  the  rains  falling  on  a  portion  of  the  plateau  that  is 
almost  completely  cut  off  by  deep  canyons  from  all  other  portions. 
The  deep,  canyon-like  valley  through  which  it  flows  has  a  steep  grade 
and  many  branches,  some  of  which  are  now  dry.  Its  cat<;hment 
basin  when  the  drainage  was  most  vigorous  was  about  100  square 
miles  in  area,  and  the  development  of  the  streams  had  progressed 
until  its  numerous  branches  furnished  a  convenient  avenue  of  escape 
for  the  waters  that  fell  on  every  part.  The  stream  in  its  days  of  vigor 
cut  down  its  channel  nearly  to  the  present  level  of  Snake  River — that 
is,  to  a  depth  of  about  2,000  feet — in  the  solid  basalt.  At  present,  as 
already  stated,  many  of  the  once  tributary  valleys  are  dry  and  deso- 
late, and  the  trunk  stream  is  shrunken  during  the  summer  season  to 
a  mere  rill.  The  soil  throughout  the  valley  is  deep  and  rich,  but 
there  is  no  water  for  irrigation.  The  hillsides  and  the  remnants  of 
the  plateau  surface  are  also  fertile,  and  fortunately  absorb  sufficient 
moisture  from  the  light  rains  and  winter  snow  to  admit  of  their  culti- 
vation for  wheat. 

Alpowa  and  Asotin  creeks. — The  drainage  from  the  northeastern 
slope  of  the  Blue  Mountains  in  Washington  is  conducted  to  Snake 
River  through  two  channels,  known  as  Alpowa  and  Asotin  creeks. 
Each  of  these  creeks  rises  in  many  branches  on  the  slopes  of  the 
mountains,  and  all  at  first  are  surface  streams,  but  on  account  of 
the  cutting  down  of  Snake  River  Canyon,  into  which  they  discharge, 
they  have  sunk  deeply  into  the  plateau  and  near  their  mouths  have 
lowered  their  channels  as  rapidly  as  the  master  river.  The  Alpowa  is 
little  more  than  a  brook  in  summer,  but  its  waters  serve  to  irrigate 
some  300  acres  of  orchard  lands  near  where  it  joins  the  Snake.  The 
Asotin  is  large  and  brings  a  never-failing  supply  of  pure  water  to  the 
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little  town  of  Asotin.  A  costly  irrigating  canal  is  now  being  built 
for  the  purpose  of  conducting  its  water  to  a  broad  area  of  bottom  land 
in  Snake  River  Valley  opposite  Lewiston.  Some  account  of  this  bold 
undertaking  will  be  given  on  another  page. 

Grande  Bonde  River. — On  the  east  side  of  the  Blue  Mountains  the 
drainage  is  through  a  deep,  wild  canyon,  which  furnishes  the  finest 
scenery  that  can  be  found  in  southeastern  Washington.  The  river 
that  excavated  this  canyon  is  the  Grande  Ronde — or,  as  it  is  usually 
called  by  the  inhabitants  of  that  region,  the  ** Grand  Round" — a 
bright,  swift,  winding  stream  that  is  walled  in  on  either  side  by  preci- 
pices and  mountain-like  slopes  3,000  feet  high.  The  canyon  is  not  a 
narrow  gash,  for  the  upper  portion  of  its  inclosing  walls  have  receded, 
and  side  streams,  most  of  them  temporary  rills,  have  cut  a  multitude 
of  steep,  lateral  gorges,  between  which  outstanding  buttresses  extend 
far  into  the  main  gorge.  In  many  places  ridges  that  descend  the  oppo- 
site sides  of  the  canyon  overlap  in  its  bottom  and  the  stream  makes 
sharp  carves  in  order  to  pass  around  their  extremities.  The  main  tribu- 
taries of  the  Grande  Ronde,  like  Joseph  Creek,  which  is  indicated  on 
the  accompanying  map,  have  also  sunk  deeply  into  the  basaltic  table- 
land, as  has  each  branch  of  these  secondary  streams.  A  great  region 
that,  but  for  the  excavating  power  of  the  streams  draining  it,  would 
be  a  flat-topped  plateau,  has  been  transformed  into  an  intricate, 
branching  system  of  sharp-crested  ridges,  with  profound  gorges  and 
^nyons  between.  The  general  height  of  the  land  has  thus  been 
^nced  about  1,000  feet,  but  the  sharp,  angular  mountains  that  have 
^u  sculptured  out  of  the  upraised  block  are  so  steep  and  their  crests 
^  Harrow  that  their  loss  in  actual  elevation  is  scarcely  appreciated. 

The  canyon  of  Grande  Ronde  throughout  the  lower  20  or  30  miles 

^^its  course  is  in  general  2,700  feet  deep.     The  distance  between  the 

^im  rocks"  bordering  its  walls  is  from  8  to  10  miles.    The  great 

"^t^resses  that  start  from  the  main  walls,  however,  extend  far  out 

^^  the  canyon  and  make  its  width  seem  much  less  than  it  really  is. 

^^^^^oughout  the   entire   region  drained  by  the  Grande  Ronde  the 

'^k,  as  in  the  lower  plateau  to  the  north  of  the  Blue  Mountains,  is 

'^^■^^It  in  horizontal  sheets.    Everywhere  throughout  the  rugged  walls 

'''^^ti  remain  the  horizontal  courses  of  black  basalt  may  be  distinctly 

Allowed.    A  magnificent  example  is  thus  furnished  of  the  dissection 

^'  ^n  elevated  plateau  consisting  of  horizontal  layers  of  hard  rock  by 

"^^  slow  process  of  weathering  and  stream  erosion. 

-^  peculiar  feature  in  the  topography  of  the  canyon  of  the  Grande 
7^:iide,  and  one  which  adds  greatly  to  the  interest  of  its  wild  scenery, 
^  the  manner  in  which  the  spurs  from  the  bordering  mountain 
^^lls  project  into  the  gorge  and  overlap  or  dovetail.  These  later-al 
^^ges  decrease  in  height  from  the  borders  of  the  canyon  toward  its 
^ttom  until  a  height  of  about  1,000  feet  above  the  river  is  reached; 
^^^y  are  then  prolonged  at  about  the  same  level  nearly  across  the 
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bottom  of  the  canyon.  The  crests  of  the  lateral  spurs  where  they 
project  far  into  the  canyon  are  sharp  and  serrated  and  end  in  preci- 
pices. Between  these  interlocking  spurs  the  river  makes  long  bends 
and  flows  about  these  steep  extremities  in  abrupt  cui-ves.  The  sharp, 
serrate  ridges  projecting  from  the  north  wall  of  the  canyon  frequently 
extend  almost  completely  across  the  canyon  and  enter  reentrant 
angles  in  the  south  wall.  Between  the  cliffs  forming  the  ends  of 
these  spurs  and  the  precipitous  and  frequently  apparently  vertical 
south  wall  the  river  flows  in  a  narrow,  rocky  channel. 

It  is  impossible  to  describe  briefly  the  peculiar  topography  of  Grande 
Ronde  Canyon  so  as  to  convey  an  idea  of  its  ruggedness  and  of  the 
many  peculiarities  due  to  the  interlocking  of  lateral  ridges  just  men- 
tioned ;  but  if  we  imagine  the  canyon  as  having  been  excavated  to  a 
depth  about  1,000  feet  less  than  at  present  and  widened  so  as  to  be 
about  3  miles  broad  at  the  bottom,  we  shall  have  the  general  character 
of  the  upper  gorge  in  mind.  If  over  the  nearly  level  floor  of  this  wide- 
bottomed  gorge  we  see  the  river  winding  from  side  to  side,  and  at  the 
ends  of  the  southward  curves  cutting  at  the  base  of  the  cliffs  bordering 
the  valley  on  that  side,  and  then  fancy  the  region  elevated  a  thousand 
feet,  so  as  to  give  the  stream  renewed  energy  and  allow  it  to  cut  a 
tortuous  gorge  in  the  bottom  of  the  older  valley,  the  ridges  between 
the  abrupt  bends  weathering  to  sharp  crests  and  pinnacles,  we  shall  be 
able  to  appreciate  not  only  the  characteristic  features  I  have  attempted 
to  describe,  but  their  mode  of  origin. 

Two  roads  cross  the  canyon  of  Grande  Ronde  from  north  to  south, 
but  the  excessive  ruggedness  of  the  canyon's  bottom  has  thus  far  pre- 
vented the  construction  of  even  a  safe  bridle  trail  from  east  to  west 
along  the  river. 

Next  to  Snake  River,  Grande  Ronde  is  the  largest  stream  in  south- 
eastern Washington;  but  owing  to  the  almost  complete  absence  of 
bottom  lands  throughout  that  portion  of  its  course  which  lies  in  Wash- 
ington and  for  many  miles  south  of  the  boundary,  its  waters  can  not 
be  utilized  for  irrigation.  Far  south  in  Oregon  the  topography  is 
different.  Broad  bottom  lands  there  exist  and  the  conditions  are 
favorable  for  agriculture.  Luxuriant  bunch  grass  abounds,  however, 
throughout  the  Blue  Mountains  and  on  the  steep  canyon  sides.  Stock 
raising  is  there  the  natural  industry,  but  excellent  fruit  can  be  grown 
in  all  of  the  deeper  vallej^s  and  gorges.  In  the  gardens  about  the  few 
houses  and  cabins  that  have  been  built  by  stockmen  in  the  canyons 
of  Grande  Ronde  and  Joseph  Creek  vegetables  of  many  kinds  grow 
luxuriantly  when  properly  irrigated,  and  tobacco  plants  as  large  and 
fine  as  any  in  Virginia  or  the  Carolinas  are  now  raised  for  domestic  use. 

Pahnise  River, — North  of  Snake  River  are  a  number  of  streams  that 
head  in  the  mountains  of  Idaho  and  flow  westward  in  channels  which 
increase  progressively  in  depth,  and  finally  become  steep-sided  can- 
yons.   The  generally  westward  direction  taken  by  these  streams  in 
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their  infancy  and  retained  as  they  excavated  their  valleys  and  can- 
yons in  nearly  horizontal  sheets  of  basalt  was  determined  by  the  gen- 
tle westward  inclination  of  the  plateau — that  is,  they  are  consequent 
streams.^  These  streams  unite  to  form  Palouse  River,  a  tributary  of 
Snake  River.  This  river  was  not  examined  during  the  reconnoissance 
which  furnished  the  basis  of  this  report,  but  is  understood  to  be  com- 
parable with  the  Walla  Walla  in  size.  Symons  states,  in  the  report 
just  referred  to,  that  *  *  the  falls  of  the  Palouse  form  another  of  the  inter- 
esting objects  of  this  section.  In  the  lower  portion  of  its  course  the 
Palouse  flows  through  a  deep  fissure  in  the  basaltic  rocks,  portions  of 
which  take  fantastic  forms,  as  towering  pinnacles.  At  the  falls  the 
river  descends  perpendicularly  for  about  120  feet  into  a  narrow  basin, 
from  which  it  flows  off  through  its  deep  canyon  for  about  9  miles  to  the 
Snake  River."  The  fall  in  the  Palouse,  whatever  may  be  its  history,  is 
a  marked  exception  to  the  even  grade  established  by,  I  think,  all  asso- 
ciated streams,  excepting  Spokane  River,  and  should  claim  attention, 
not  only  from  geographers,  but  from  those  interested  practi easily  in 
water  power  and  irrigation.  The  abrupt  change  from  a  westerly  to 
a  southerly  direction  that  the  Palouse  makes  in  its  lower  course  is 
perhaps  due  to  a  diversion  of  the  river  by  the  cutting  back  of  a  small 
high-grade  sti*eam  flowing  to  Snake  River.  I  fancy  the  falls  have 
some  connection  with  such  a  capture  of  the  low-grade  and  compara- 
tively sluggish  river  by  a  smaller  but  more  energetic  rival. 

Owing  to  the  presence  of  sheets  of  clay  and  sand  interleaved  with 
*he  basalt  in  much  of  the  region  drained  by  the  Palouse,  springs  are 
^omerous  along  its  branches,  and  supplement  in  an  important  manner 
^he  drainage  from  the  mountains. 

Tlie  broad  plateau  surface  adjacent  to  the  "Palouse  country"  on 

*he  south  and  west  has  not  been  visited  by  me,  but,  as  shown  on  the 

^^X^  of  the  United  States  land  survey,  it  drains  westward.     The 

feet)ie  streams  are  frequently  interrupted  and  small  lakes  are  formed. 

^e  origin  of  these  lakes  has  not  been  explained,  but  the  suggestion 

^  iiiade  that  the  streams  occupy  old  drainage  channels  that  have  been 

P^x:i;ially  filled  with  sand  and  soil  derived  from  the  adjacent  portions 

^^    the  plateau.     These  lakelets  are  apparently  similar  in  many  ways 

^     Moses  Lake,  in  the  Big  Bend  country,  which  is  held  by  a  dam 

^^^^^ed  of  drifted  sand.^ 

Spokane  River, — Like  the  Snake,  this  river  heads  in  the  moun- 
J'^ixis,  well  to  the  east  of  the  basaltic  plateau  of  southeastern  Wash- 
^^  %ton,  and  flows  across  it,  much  of  the  way  in  a  deep  canyon  that 
^^  been  excavated  in  horizontal  sheets  of  basalt.     As  in  the  case  of 

^  It  has  been  suggested  by  T.  W.  Symons,  in  a  Report  on  the  Upper  Columbia  River,  Wash- 

"^%i»n,  1882,  p.  116,  that  the  streams  here  referred  to  have  had  their  courses  determined  by 

^•^ciem  which  moved  in  the  general  direction  that  they  follow.    My  observations  failed  to  sus- 

^^  this  suggestion,  as  no  evidence  of  the  former  presence  of  glacial  ice  was  found  anywhere  in 

^^^theastem  Washington. 

^  BulL  U.  8.  OeoL  Survey  No.  108, 1893,  p.  W. 


28  A  REC0NN0I8SANCE  IN  SOUTHEASTERN  WASHINGTON.       [noI 

Snake  River,  also,  the  canyon  of  Spokane  River  was  deeply  filled  with 
gravel  at  a  recent  episode  in  its  history,  and  has  since  reexcavated 
its  channel  in  part,  making  an  inner  steep-sided  gorge  in  the  gravels 
that  fill  the  older  and  wider  valley  up  to  a  certain  level.  When  the 
stream  renewed  its  work  of  excavation  it  did  not  flow  in  a  straight 
course  over  its  gravelly  bed,  but  in  curves.  As  the  channel  was 
deepened,  projecting  spurs  of  solid  rock  in  the  buried  valley  were 
discovered  and  had  to  be  cut  through  before  the  modern  gorge  could 
be  extended  upstream.  Some  of  the  ledges  of  basalt  that  the  stream 
met  with  as  it  progressed  with  its  task  of  reexcavating  have  been  cut 
through,  but  work  is  still  in  progress  at  one  of  them,  as  is  shown  at 
Spokane  City.  A  curve  in  the  course  of  the  stream,  when,  it  began 
to  clear  out  the  gravels  it  had  previously  deposited,  carried  it  across 
a  buried  ledge.  This  accident,  as  it  may  be  termed,  led  to  the  growth 
of  the  thriving  and  beautiful  city  of  Spokane. 

A  gauging  station  was  established  on  this  river  at  Spokane,  Wash- 
ington, in  October,  1896,  the  gauge  being  at  the  bridge  of  the  Oregon 
Railway  and  Navigation  Company.  The  drainage  area  at  this  point 
is  4,005  square  miles.  A  measurement  made  on  August  27,  1896,  by 
Mr.  Cyrus  C.  Babb,  when  the  water  stood  at  a  height  of  2  feet,  gave 
a  discharge  of  2,937  second-feet  (cubic  feet  per  second),  while  a  later 
measurement,  on  October  17, 1896,  at  a  gauge  height  of  1.46  feet,  gave 
a  discharge  of  1,722  second-feet. 

Precipitation  formerly  more  abundant  than  now, — Throughout 
southeastern  Washington  there  is  abundant  evidence  that  the  rain- 
fall was  formerly  greater  than  at  present,  and  that  the  streams  were 
larger  and  more  numerous  than  we  now  find  them.  This  is  shown 
particularly  in  those  portions  of  the  plateau  which  are  not  crossed  by 
streams  flowing  from  the  mountains  to  the  eastward,  as,  for  example, 
in  the  region  with  slopes  leading  to  Deadman  Creek,  and  over  still 
larger  portions  of  the  plateau  situated  to  the  west  and  north  of 
Palouse  River.  The  valleys  and  canyons  in  the  districts  mentioned, 
while  without  question  due  to  stream  erosion,  are  disproportionally 
deep  and  wide  in  reference  to  the  streams  now  occupying  them.  In 
many  instances  deep,  trench-like  valleys,  such  as  streams  are  known 
to  make,  and  which  lead  to  similar  valleys  now  occupied  by  water 
courses,  are  flat  bottomed  from  side  to  side  and  entirely  without 
drainage  channels.  Evidently  in  such  instances  there  has  been  no 
surface  drainage  for  a  long  term  of  years  All  the  rain  that  falls  is 
at  once  absorbed  by  the  thirsty  soil. 

Similar  evidence  of  a  former  period  of  greater  humidity  than  the 
country  now  enjoys  can  be  had  throughout  the  basaltic  region  of 
southeastern  and  central  Washington,  as  has  been  stated  in  a  pre- 
vious report.^ 

The  time  of  the  abundant  precipitation,  when  the  most  marked  of 
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lat  may  be  termed  the  secondary  topographic;  features  of  the  ha- 
Itie  plateau  came  into  exiatence,  may  for  several  reasons  be  consid- 
ed  as  the  Glacial  epoch,  when  the  higher  mountains  of  Washington 
id  Idaho  were  occupied  by  extensive  snow  fields  and  glaciers. 

GEOLOGICAL  FOBSIATION8. 

The  geological  problems  presented  in  southeastern  Washington  are 
imple  and  easily  understood.  The  rocks  in  this  region  fall  conven- 
Jntiy  in  eight  divisions.     These  are,  briefly: 

1.  Crystalline  and  metamorphic  rocks  of  unknown  geological  age, 
oDsisting  principally  of  schists,  gneisses,  granites,  and  quartzites. 

2.  Dikes  of  igneous  rock,  which  break  through  and  are  intimately 
isociated  with  the  metamorphic  terranes  just  mentioned. 

3.  Coal-bearing  sandstones  and  shales  of  Tertiary  age,  which  form 
16  surface  at  the  eastern  base  of  the  Cascade  Mountains  and  extend 
ide finitely  eastward,  may  occur  in  southeastern  Washington  beneath 
le  lava  which  forms  the  next  group  of  rocks  her©  enumerated. 

4.  Vast  basaltic  overflows,  which  cover  all  of  the  plateau  region  of 
tntral  and  southeastern  Washington  and  ext«nd  widely  into  neigh- 
ffing  States.  These  rocks  were  poured  out  in  a  molten  condition 
iring  what  is  known  as  the  Tertiary  period  of  geological  history. 
!iiB  formation  has  been  named  the  Columbia  lava. 

5.  Interbedded  with  the  sheets  of  basaltic  rock  composing  the  Colum- 
a  lava  are  beds  of  clay,  sand,  volcanic  dust,  and  lapilli,  which  were 
posited  in  part  by  streams  and  in  part  in  lakes  during  intervals 
tween  the  lava  flows. 

5.  Above  the  Columbia  lava  in  certain  localities  there  are  thick 
posits  of  gravel,  clay,  and  volcanic  dust,  constituting  what  is  termed 
;  John  Day  system.  The  rocks  of  this  system  were  deposited  in  a 
rtiary  lake  named  Lake  John  Day. 

',  In  the  canyons  of  Snake  and  Spokane  rivers  and  along  several 
the  more  important  secondary  streams  there  are  deposits  of  gravel 
i  sand  which  were  laid  down  by  these  streams  after  they  had 
^avated  their  channels  to  their  present  depth. 

i.  As  important  as  any  of  the  rock  groups  just  enumerated,  but  not 
jally  classed  as  an  independent  geological  formation,  are  the  soils. 
ference  is  here  made  especially  to  the  deep,  rich  soils  that  mantle 
Mjtically  the  entire  surface  of  the  Columbia  lava.  These  soils  are 
Dost  entirely  a  product  of  the  aisintegration  and  decay  of  the  under- 
ng  basalt  and  represent  what  are  termed  residual  soils.  Mingled 
th  the  residue  left  by  the  decay  and  partial  solution  of  the  basalt  is 
ninor  quantity  of  volcanic  dust  which  was  blown  out  by  some  dia- 
it  volcano  and  scattered  widely  over  the  land  by  the  wind. 
Each  of  the  rock  groups  briefly  enumerated  extends  far  beyond  the 
fion  treated  in  this  report,  and  in  part  has  been  descnbed  in  a  pre- 
lus  publication.' 

>  Bull,  U-  H.  OooL  Bnrroy  No.  lOB. 
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METAMORPHIC   ROCKS. 

In  the  report  on  a  geological  reconnoissance  in  central  Washington, 
just  referred  to,  there  is  a  brief  description  of  the  crystalline  rocks 
occurring  in  the  mountainous  region  north  of  the  Big  Bend  of  the 
Columbia.  From  what  little  is  known  of  the  geology  of  northern 
Washington  and  western  Idaho,  it  seems  evident  that  this  same  great 
system  of  granites,  schists,  quartzites,  etc.,  not  only  forms  the  moun- 
tains bordering  the  basaltic  plateau,  but  to  a  considerable  extent  the 
floor  beneath  it.  These  ancient  crystalline  rocks  were  elevated  into 
mountains  and  deeply  eroded  before  the  Columbia  lava  was  poured 
out.  The  deep  trench  carved  in  the  basaltic  plateau  by  Snake  River 
has  revealed  the  underlying  rocks  at  three  localities. 

Oneiss^  at  Q-ranite  Point — The  first  exposure  of  metamorphic  rock 
met  with  on  ascending  Snake  River  is  about  24  miles  below  Lewiston 
and  is  known  as  Granite  Point.  The  rock  in  the  bottom  of  the  canyon 
at  this  locality  is  granitic  in  character  and  is  what  is  known  commer- 
cially as  "granite."  More  strictly  speaking,  however,  it  is  a  gneiss — 
that  is,  a  rock  having  the  same  mineralogical  composition  as  granite, 
but  in  which  the  minerals  are  arranged  in  bands  and  folia.  The  rock 
is  dark  in  color,  owing  to  the  abundance  of  black  mica  scattered  through 
it  in  irregular  bands. 

At  Granite  Point  this  rock  is  exposed  on  each  side  of  the  river  for  a 
distance  of  about  1,5(X)  feet  and  rises  to  a  height  of  160  feet  above  the 
water.  The  canyon  walls,  rising  fully  2,000  feet  above  the  gneiss,  are 
composed  of  the  edges  of  horizontal  sheets  of  basalt,  and  show  the 
minimum  depth  to  which  the  summit  of  the  ancient  hill,  perhaps  a 
prominent  feature  in  old  topography,  was  buried  by  the  basaltic 
overflows. 

The  gneiss  has  been  opened  by  quarrying  to  a  depth  of  a  few  feet, 
but  it  is  of  dark  color,  of  rather  coarse  texture,  and  has  a  foliated 
structure,  which  will  probably  i)reclude  its  use  as  a  building  stone 
except  for  rough  masonry,  such  as  the  abutments  of  bridges,  founda- 
tions, etc.  The  rock  is  fresh  in  appearance,  and  no  products  of  dis- 
integration mantle  its  surface.  Evidently  the  portion  exposed  is  the 
summit  of  an  elevation  from  which,  previous  to  the  inundation  of 
basalt,  loosened  fragments  were  carried  away  as  rapidly  as  they  orig- 
inated. Both  up  and  down  stream  from  Granite  Point  for  scores  of 
miles  the  walls  of  the  canyon  are  composed  from  bottom  to  top  of  hori- 
zontally bedded  basalt.  Downstream,  however,  especially  on  the  left 
bank  of  the  river,  a  westerly  dip  in  the  lower  sheets  of  basalt,  amount- 
ing to  perhaps  2  degrees,  can  be  detected.  This  is  one  of  the  few 
instances  throughout  the  basaltic  plateau  to  the  north  of  the  Blue 

>  The  designation  of  this  rock  as  a  gneiss  is  from  field  notes  and  is  provisional.  There  are 
reasons  for  balioving  it  to  b?  a  quartz-diorito,  and  therefore  igneous  and  not  metamorphic  in 
origin.  This  same  remark  applies  also  to  the  rock  occurring  at  Granite  Point,  a  few  miles  south 
of  Pullman,  mentioned  on  page  37. 
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Mountains  in  which  any  departure  of  the  lava  sheets  from  a  horizon- 
tal position  has  been  observed. 

Schists  at  Buffalo  Rock, — About  15  miles  up  the  Snake  River  from 
the  town  of  Asotin  there  is  a  locality  known  as  Buffalo  Rock,^  which  is 
of  special  geological  interest.  This  locality  can  be  reached  conven- 
iently from  Asotin  by  following  a  road  recently  opened  along  the  west 
side  of  the  river  and  at  the  bases  of  the  great  precipices  of  basalt  that 
fonn  the  canyon  walls.  Above  Asotin  the  canyon  of  Snake  River  is 
deeper  than  below  that  locality  and  furnishes  many  striking  exposures 
of  columnar  basalt,  which  rise  tier  on  tier  to  a  height  of  over  3,000 
feet.  In  the  neighborhood  of  Buffalo  Rock,  however,  an  important 
change  occurs.  The  metamorphic  rocks  which  formed  the  surface  of 
the  country  before  the  vast  inundation  of  molten  lava  took  place 
again  appear  above  the  level  of  Snake  River  and  rise  at  least  2,000 
feet  into  the  horizontally  bedded  basalt.  The  river  has  cut  its  gorge 
across  a  buried  mountain  so  as  to  expose  the  rocks  composing  it  for 
about  a  mile  on  each  side  of  the  stream.  The  horizontal  layers  of 
basalt  abut  against  the  steep  sides  of  the  old  mountain  and  show  no 
evidence  of  disturbance  at  the  contact.  It  is  evident  that  the  lower 
rocks  have  not  been  forced  upward  into  the  basalt,  but  that  the  lat- 
ter was  poured  out  in  successive  sheets  and  flowed  about  a  moun- 
tain of  schist  and  finally  overtopped  its  summit  and  buried  it  from 
sight.  Additional  overflows  of  the  same  character  were  spread  over 
the  site  of  the  buried  mountain  and  reached  a  thickness  of  fully  1,000 
to  1,500  feet  above  its  summit  before  Snake  River  began  to  excavate 
its  canyon. 

The  sides  of  the  buried  mountain,  where  they  first  appear  above  the 
river,  are  steep  and  without  talus  slopes  or  other  products  of  disinte- 
gration. Although  3,000  feet  of  horizontally  bedded  basalt  are  exposed 
^  the  canyon  walls  adjacent  to  the  outcrops  of  schist,  it  is  evident 
that  the  valleys  of  the  old  land  lie  below  the  level  to  which  Snake 
Biverhas  corraded  its  channel. 

Where  the  schists  rise  from  the  river  and  form  the  lower  portion  of 
the  canyon  walls,  marked  changes  occur  in  the  topography  of  the  pro- 
found gorge.  The  horizontal  lines  and  bands  formed  by  the  edges  of 
^va  sheets  give  place  to  apparently  structureless  walls,  which  are 
extremely  precipitous.  The  schist  is  more  resistant  to  atmospheric 
Agencies  than  the  basalt,  and  the  gorge  cut  in  it  is  narrow.  Vertically 
above  the  schist  the  canyon  widens,  so  as  to  make  reentrant  angles  in 
^ts  general  course.  This  increase  in  the  width  of  the  gorge  above  the 
^hist  is  esi)ecially  conspicuous  when  viewed  from  its  borders. 

The  rocks  which  cause  these  important  changes  in  the  character  of 
tke  canyon  are  mostly  greenish,  spotted  schists,  and  are  evidently 

*The  name,  I  have  been  informed,  refers  to  certain  rock  inscriptions  made  by  Indians,  some  of 
^bich  are  thought  to  represent  baffalo.  A  lar^  rock  on  the  west  side  of  the  river  is  covered 
^h  figures  made  by  ponnding  the^snrface  with  a  duU  instrument,  probably  a  pebble.  Similar 
designs  are  said  to  occur  also  on  the  rocks  of  the  opposite  shore. 
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of  sedimentary  origin,  as  well-rounded  pebbles  and  angular  masses  of 
rock  may  still  be  recognized  in  them.  Samples  may  be  collected  show- 
ing a  transition  from  conglomerate,  in  which  the  pebbles  are  still 
prominent,  through  schistose  rock  containing  flattened  and  elongated 
pebbles,  to  greenish  schist  with  spots  and  blotches  due  to  altered  peb- 
bles, and  from  these,  again,  to  fine,  even-grained,  silky  schists  of  uni- 
form color.  Near  the  southern  end  of  the  exposure  there  are  rocks  of 
plutonic  origin  ^  which  appear  to  be  dikes  breaking  through  the  schist, 
but  as  a  similar  rock  occurs  as  pebbles  in  the  schist,  it  is  evident  that 
at  least  some  of  the  intrusives  were  formed  before  the  material  since 
metamorphosed  was  deposited. 

The  schists  are  traversed  by  small  veins  of  quartz,  which  are  prob- 
ably gold  bearing,  as  gold  is  obtained  by  placer  mining  in  the  gravels 
and  talus  slope  bordering  the  river.  What  success  has  attended  these 
mining  operations  I  was  unable  to  learn  during  my  brief  visit.  No 
true  fissure  veins  were  seen  in  the  schists,  and  from  such  examinations 
as  I  was  able  to  make  it  seems  doubtful  if  quartz  mining  will  ever  be 
profitable. 

Schists  at  Wild  Goose  Creek, — Upstream  from  Buffalo  Rock  one  may 
follow  the  river  by  a  bridle  trail  to  beyond  the  mouth  of  Grande  Ronde 
River,  a  distance  of  about  8  miles.  Throughout  this  portion  of  the 
canyon  the  walls  are  precipitous,  frequently  rising  in  sheer  cliffis,  and 
are  composed  from  base  to  summit  of  horizontally  bedded  basalt.  The 
canyon  walls  increase  in  height  as  we  ascend  the  river,  and  at  the 
mouth  of  the  Grande  Ronde  are  about  4,000  feet  high.  The  actual 
margins  of  the  canyon,  however,  recede  from  the  river,  and  it  is  only 
when  one  gains  a  commanding  point  on  the  rim  of  the  vast  gorge,  like 
the  summit  of  Mount  Wilson,  for  example,  that  its  full  grandeur  is 
revealed. 

Just  above  the  mouth  of  the  Grande  Ronde  metamorphic  rocks 
again  rise  above  the  level  of  the  river  and  form  a  large  part  of  the 
canyon  walls  for  at  least  a  score  of  miles.  The  full  extent  of  this  fine 
exposure  is  not  known,  but  it  is  prolonged  far-  to  the  south  of  the 
southern  boundary  of  Washington.  The  metamorphic  rocks  appear 
suddenly  above  the  level  of  the  river  at  a  locality  about  a  mile  south 
of  the  mouth  of  the  Grande  Ronde,  and  rise  from  the  water  in  what 
appear  to  be  vertical  precipices  to  a  height  of  approximately  2,500 
feet. 

The  leading  phenomena  presented  at  Granite  Point  and  Buffalo 
Rock  are  here  repeated,  but  on  a  grander  scale.  The  horizontal 
basalt  abuts  against  cliffs  of  schist,  and  shows  no  change  at  the  con- 
tact. The  sides  of  the  buried  mountain  range,  as  seen  in  section  in 
the  canyon  walls,  are  precipitous.  On  the  east  side  of  the  river, 
where  the  schist  first  appears  as  one  journeys  upstream,  the  buried 

>  Thin  sections  of  this  rock  have  been  examined  by  Mr.  J.  8.  Diller,  who  states  that  it  is  a  por- 
phyry, composed  chiefly  of  granular  quartz  with  much  biotite,  forming  a  groandiQaas  in  whicli 
are  embedded  phenocryste  of  quartz  and  feldspar,  chiefly  plagioclaoe. 
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mountain  side  slopes  about  45°,  and  is  free  of  d6bris.  The  base 
of  the  mountain  is  evidently  far  below  the  level  of  Snake  River. 
Each  successive  layer  of  basalt  extended  farther  and  farther  over  the 
metamorphic  rocks,  until  at  a  height  of  about  2,500  feet  the  summit  of 
the  range  is  covered.  The  horizontally  bedded  lava  above  the  highest 
peak  of  the  buried  mountain  is  not  less  than  1,500  feet  thick.  A 
clear  section  of  fully  4,000  feet  of  horizontally  bedded  lava  sheets  is 
there  exi)osed,  but  the  base  of  the  pile  is  not  seen. 

The  metamorphic  rocks  that  appear  beneath  the  basalt  between  the 
month  of  Grande  Ronde  River  and  Wild  Goose  Creek  were  only 
hastily  examined,  and  attention  can  only  be  given  at  this  time  to  their 
more  general  features. 

The  rocks  are  plainly  of  sedimentary  origin,  as  their  stratification 

is  prominent.    They  have  a  thickness  of  several  thousand  feet.     The 

strata  in  the  northern  part  of  the  section  are  inclined,  northward  at 

an  angle  of  40°  to  45°,  and  in  places  are  nearly  vertical.     A  great 

dome  of  ancient  rocks  has  been  cut  through.    The  upper  layers  of 

the  dome  are  thin-bedded  siliceous  limestone  containing  indefinite 

fossils;^  beneath  this  are  thick  layers  of  thinly  laminate,  granular 

limestone,  containing  some  silt  and  organic  matter,  which  appear  in 

conspicuous  white  ledges.    This  rests  on  schists  that  show  a  diversity 

of  colors,  varying  from  green  to  red,  anj[  are  frequently  fine  and 

silky  in  appearance.     Marked  contrasts  are  apparent  in  the  schists, 

some  layers  being  schistose  conglomerates  or  breccias,  while  others 

'"esemble  the  finest  roofing  slate.    The  schist  has  great  thickness,  and 

'^  believed  to  rest  on  granite.    The  lower  contact  of  the  schist  was 

^ot  seen,  but  granite  occurs  abundantly  in  the  pebbles  along  Snake 

*^iver,  and  is  reported  by  miners  to  come  to  the  surface  a  short  dis- 

^Jice  above  Wild  Goose  Creek.    The  topography  in  that  region  bears 

^^t  this  statement. 

^0  more  than  a  hasty  outline  of  the  character  of  the  rocks  here 
'^ferred  to  is  possible  at  this  time,  as  my  opportunities  for  observa- 
tion were,  for  several  reasons,  very  limited.    It  seems  evident,  how- 
ever, that  a  broad  uplift,  with  a  granite  core,  passing  upward  into 
^hist  and  then  again  into  but  moderately  altered  limestones,  was 
Juried  beneath  the  basalt  and  again  exposed  and  deeply  dissected  by 
^I'osion.    The  geologic  age  of  the  schists  and  limestone  is  unknown, 
^ut  a  careful  search  in  the  limestone  would  very  likely  reveal  fossils 
by  which  it  might  be  determined. 

Standing  on  the  summit  of  Mount  Wilson,  which  is  a  remnant  of 
the  basaltic  plateau  left  isolated  by  the  cutting  of  the  canyon  of  Snake 

'  Samples  of  this  limestone  have  been  stadied  by  Mr.  J.  S.  Diller,  who  reports  that  thin  sec- 
tions e:(amiiied  nnder  the  microscope  '^  do  not  show  fossil  forms  nearly  so  distinctly  as  the 
weathered  surfaces.  The  specimen  was  shown  to  Mr.  Q.  H.  Qlrty,  and  he  agrees  with  me  not 
only  that  the  fossils  are  crinoids,  but  that  one  of  them  has  a  pentagonal  stem.  Crinoids  with 
stems  of  this  sort  are  not  jdeflnitely  known  to  be  older  than  the  Permian,  and  it  is  probable 
that  this  one  is  considerably  later.  The  specimens  examined  look  very  much  like  the  Triassic 
limestone  of  California,  in  which  fossils  are  abundant/* 

IBR4 3 
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River  and  the  much  narrower  but  nearly  as  deep  gorges  of  Josepl 
Creek  and  Grande  Ronde  River,  one  may  command  a  far-reachin 
view  of  the  deeply  dissected  region  about,  and  may  read  the  leadin 
facts  in  its  geological  history  as  plainly  as  from  a  printed  page. 

Eastward  from  Mount  Wilson  one  beholds  the  deepest  and  mldes 
portion  of  Snake  River  Canyon.  Fully  60  miles  of  the  great  gorge  at 
in  full  view.  To  one  familiar  with  the  narrow,  trench-like  charact* 
of  the  same  canyon  for  100  miles  or  more  below  Lewision,  it  is  at  one 
apparent  that  marked  variations  in  nearly  all  its  features  accompan 
the  change  produced  by  the  unearthing  of  the  buried  mountain  rang 
already  briefly  described.  The  canyon  is  deeper,  also,  than  farthe 
downstream,  for  the  reason  that  Snake  River  has  here  cut  across  th 
flank  of  the  Blue  Mountain  uplift.  Where  the  metamorphic  rocls 
form  a  large  portion  of  the  canyon  walls  the  excavation  is  probabl 
four  or  five  times  as  wide  as  where  it  is  cut  wholly  in  basalt.  Th 
distance  from  the  remnant  of  the  old  plateau  surface  forming  Mour 
Wilson  across  the  canyon  to  the  fringe  of  pines  growing  on  the  cres 
of  the  opposite  wall  is,  by  estimate,  fully  15  miles.  In  this  int^rv^f 
there  is  what  seems  at  first  a  bewildering  maze  of  mountain-like  ridges 
palisades,  towers,  and  battlements.  Many  of  the  forms  are  strikingl 
architectural  in  appearance.  Vast  buttresses  of  schistose  rock,  risin 
precipitously  from  the  depths  of  the  canyon,  form  the  basements  c 
huge  castle-like  masses  of  basalt,  in  which  the  horizontal  bedding  n 
sembles  courses  of  cyclopean  masonry.  The  student  of  topographi 
forms  sees  at  a  glance  that  not  only  the  more  prominent  feature 
of  the  rugged  landscape,  but  the  details  in  the  sculpturing  of  th 
seeming  castles  and  palaces  conform  to  well-known  laws  of  erosioi 
weathering,  and  rock  structure.  In  the  upper  portion  of  the  canyo 
walls  the  horizontal  bands  formed  by  the  edge  of  lava  sheets  may  b 
traced  on  either  hand  as  far  as  the  eye  can  reach.  Many  of  the  lav 
sheets  are  columnar.  The  long  colonnades,  lessening  in  perspective 
may  be  followed  into  each  alcove  and  lateral  gorge,  and  far  out  oi 
the  buttressing  ridges.  At  the  ends  of  many  of  the  spurs  there  ar 
groups  of  towera  and  pinnacles  formed  of  the  ruins  of  isolat>ed  masse 
of  columnar  rock. 

Below  the  basalt  are  sharp  crests  and  ridges  rising  between  latere 
gorges  that  lead  down  from  the  battlements  above  to  the  silver 
thread  formed  by  the  river  in  the  depths  below.  In  the  lower  por 
tions  of  the  canyon  walls,  where  schists  and  granite  are  exposed,  th< 
prevailing  lines  are  vertical,  and  are  due  to  the  erosion  of  latera 
streams  and  rills.  Where. the  lateral  ridges  approach  the  river  the; 
end  in  precipices,  which  frequently  descend  nearly  vertically  for  i 
thousand  feet  to  the  water's  edge.  At  such  localities  there  is  n< 
room  for  one  to  pass  between  the  river  and  the  towering  cliffs.  It  i 
the  abruptness  with  which  the  lateral  spurs  plunge  down  to  the  rive 
that  gives  the  vast  gorge  much  of  its  canyon-like  character. 


^i^wELL.]  GEOLOGICAL  FORMATIONS.  35 

In  breadth  and  depth  and  in  the  multitude  of  details  this  canyon 

is  comparable  with  the  greatest  of  all  canyons  in  North  America, 

namely,  the  Grand  Canyon  of  the  Colorado.     One  of  the  greatest 

charms  in  the  wonderful  scenery  of  the  Colorado,  however,  is  wanting 

in  Snake  River  Canyon,  namely,  the  varied  and  brilliant  coloring. 

The  canyon  of  Snake  River  is  dark  and  somber.     The  black  and 

brown  of  weathered  basalt  and  the  dull  gray  of  schist  and  granite  find 

s<?arcely  any  relief  from  brighter  colons.     The  pleasing  tints  imparted 

to  the  scenerj'^  of  many  regions  by  the  iron  oxides  in  residual  soils 

are  absent.     The  vegetation  is  too  scanty  to  mask  the  angular  forms 

or  enliven  the  somber  tones  of  the  rocks,  although  the  massive  cliffs 

are  in  places  veneered  with  yellow  lichens,  and  in  the  lateral  gorges, 

^where  springs  well  out,  there  are  faint  lines  of  verdure.     In  autumn 

these  thickets  of  willow,  haw,  and  roses  assume  brilliant  hues.     The 

talus  slopes  between  the  horizontal  cliffs  of  basalt,  as  well  as  the 

surfaces  of  the  ridges  and  domes  of  schist  and  granite,  are  clothed 

vith  bunch  grass,  which  gives  to  them  a  silvery  sheen  that  is  ever 

changing  when  the  wind  blows. 

On  looking  across  Snake  River  Canyon  from  the  summit  of  Mount 
Wilson,  the  junction  of  the  horizontally  bedded  basalt  with  the  schists 
and  granite  beneath  can  be  distinctly  traced  for  a  score  of  miles.  The 
crest  line  of  the  buried  mountain  is  rugged  and  serrate.  The  gorges 
between  the  higher  crests  and  spires  are  filled  with  horizontal  sheets 
of  basalt,  showing  that  the  fiery  flood  flowed  about  the  ancient  peaks, 
leaving  them  for  a  time  as  islands  in  a  sea  of  molten  rock,  and  then 
overtopped  their  summits  and  completely  buried  them  from  sight. 
This  impressive  spectacle  of  what  was  once  a  sharp-crested  mountain 
range,  rising  at  least  2,500  feet  and  probably  more  than  3,000  feet 
above  the  adjacent  valleys,  and  subsequently  buried  beneath  horizon- 
tal sheets  of  molten  rocks,  and  ages  later  revealed  by  the  slow  down- 
catting  of  a  river  canyon,  is  one  of  the  most  instructive  lessons  that 
the  student  of  geology  and  geography  will  find  anywhere  in  the  world. 
Glancing  westward  from  Mount  Wilson  into  the  magnificent  canyon 
of  Grande  Ronde,  which  has  been  excavated  in  the  Blue  Mountain 
uplift,  one  sees  at  least  a  thousand  feet  of  horizontally  bedded  basalt 
which  lies  above  the  level  of  the  summit  on  which  one  stands.  The 
Columbia  lava  is,  therefore,  not  less  than  5,000  feet  thick.  Of  its 
maximum  thickness  we  have  as  yet  no  measure. 

But  to  return  to  the  metamorphic  rock.  No  granite  was  found  by 
me  in  the  canyon  of  Snake  River;  but,  as  already  stated,  it  is 
reported  to  occur  a  little  above  the  mouth  of  Wild  Groose  Creek — 
that  is,  to  the  south  of  the  point  where  the  Washington-Oregon 
boundary  meets  the  river.  In  the  canyon  walls,  as  we  have  seen, 
the  basalt  is  clearly  distinguishable  from  the  rocks  beneath  it. 
The  schists  also  have  topographic  forms  of  their  own,  in  which  the 
bedding,  now  highly  inclined,  and  the  joint  planes  play  an  important 
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part.  As  the  eye  ranges  along  the  cliffs  l>orderlng  Snake  River 
upstream  from  the  mouth  of  Grande  Ronde,  a  marked  change  is 
apparent  in  the  sculpturing  of  the  older  rock-series  a  few  miles  south 
of  Mount  Wilson.  The  sharp  crests  and  steeply  inclined  bedding 
planes  of  the  schist  there  give  place  to  rounded  domes  and  hillocks. 
The  immediate  banks  of  the  river  are  precipitous,  but  at  a  height  of 
perhaps  a  thousand  feet  above  the  water  the  slopes  are  more  gentle, 
and  a  rude  terrace  with  rounded  curves  and  flowing  outlines,  some  3 
or  4  miles  broad,  leads  to  the  cliffs  of  basalt  which  define  the  upper 
margin  of  the  canyon.  The  forms  seen  on  the  terrace-like  slopes  are 
such  as  are  familiar  in  many  localities  where  granite  is  the  surface 
rock  and  where  weathering  is  far  advanced.  Further  exploration  in 
this  interesting  region  will  probably  show  that  the  series  of  limestone, 
schist,  etc.,  already  briefly  described,  rests  on  granite,  and  that  for 
many  miles  along  the  boundary  between  Oregon  and  Idaho  this  rock 
will  be  found  in  the  immediate  banks  of  Snake  River.  I  have  spoken 
of  the  rocks  beneath  the  basalt  as  belonging  mainly  to  the  metamor- 
phic  series,  but  whether  this  granit-e  is  a  sedimentary  rock  changed 
by  heat  and  pressure  or  is  of  igneous  origin  I  leave  others  to  discover. 

The  schists  exposed  in  Snake  River  Canyon,  like  the  similar  rocks  a 
few  miles  farther  downstream,  are  traversed  in  every  direction  by  small 
segregated  quartz  veins,  which  have  been  reported  to  be  gold  bearing. 
Several  mining  claims  have  been  located  along  the  canyon  wall  on 
each  side  of  the  river,  but  whether  any  of  these  will  repay  mining  is 
not  known.  From  a  knowledge  of  similar  rocks  elsewhere  the  value 
©f  these  mines  seems  doubtful.  In  the  alluvial  deposits  along  Snake 
River  at  the  mouths  of  lateral  gorges  in  the  schists,  placer  mining  has 
been  carried  on  from  time  to  time  for  several  years.  Hydraulic  min- 
ing on  a  small  scale  has  been  attempted,  but  with  what  success  I  am 
unable  to  state. 

Oranite^  schist,  quartzite,  etc.,  north  of  Snake  River, — The  eastern 
boundary  of  Washington  to  the  north  of  Snake  River  cuts  across  the 
foothills  of  the  mountains  of  Idaho,  leaving  some  of  the  ridges  and 
outstanding  buttes  to  the  west  of  the  line.  The  geology  of  western 
Idaho  is  as  yet  unwritten,  but,  as  shown  by  the  sand  and  gravel  in  the 
stBeams  which  enter  Washington,  the  rocks  to  the  eastward  include 
granite,  gneiss,  quartzite,  diorite,  etc.  Mountains  consisting  largely 
of  these  rocks  form  the  eastern  limit  of  the  overflows  of  Columbia  lava 
in  the  region  here  considered.  The  great  basaltic  plateau  meets  the 
mountains  in  a  sinuous  line  which  in  a  general  way  coincides  with  the 
interstate  boundary.  The  mountains  along  this  boundary  resemble 
a  rugged  coast  line,  but  the  sea  is  replaced  by  the  plateau  of  lava. 
Rounded  and  weather-beaten  capes  and  promontories  on  the  shore  of 
the  lava  sea  project  into  the  wheat  lands  of  the  plateau  and  a  few 
islands  of  quartzite  break  the  monotony  of  its  surface. 

To  term  the  rolling  prairie  lands  of  the  * '  Palouse  country  "  a  sea  and 
the  hills  to  the  eastward  its  rugged  shore  is  not  entirely  a  rhetorical 
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figure.  The  basalt  forming  the  vast  plateau  was  once  molten  aird 
flowed  over  the  land  in  successive  inundations  of  liquid  rock.  The 
plateau  was  then  a  sea  of  fire.  As  sheet  after  sheet  of  molten  rock 
was  spread  out,  the  floods  rose  higher  and  higher  on  the  rock-bound 
coast.  Valleys  and  embayraent«  in  the  mountains  were  flooded  and 
now  have  level  floors  of  basalt.  The  eastern  limit  of  the  region  cov- 
ered by  these  fiery  inundations  is  sharplj'  defined  not  only  by  the 
topography  but  by  the  junction  of  the  wheat  fields  which  flourish  on 
the  soil  formed  by  the  decay  of  the  lava  with  the  uncultivated 
uplands. 

The  lavas  are  less  deep  in  the  neighborhood  of  the  mountains  than 

farther  westward,  and  at  one  locality  at  least  have  been  cut  through 

by  stream  erosion  so  as  to  expose  the  granitic  rocks  beneath.     At  what 

is  known  as  Granite  Point,  on  the  Northern  Pacific  Railroad,  about 

^  miles  southeast  of  Pullman,  in  township  13,  range  6,  a  few  hundred 

square  feet  of  gneiss  (?)  may  be  seen  in  the  bottom  of  a  shallow  valley. 

^is  rock  has  been  quarried  in  a  small  way  and  found  serviceable  for 

^ngh  masonry.     It  is  somewhat  weathered,  but  the  usual  products 

^^  long-continued  disintegration  and  decay  are  absent.     The  shape  of 

^he  rock  surface  exposed  and  the  absence  of  debris  on  it  suggest  that 

^^  is  the  summit  of  a  hill  from  which  all  loose  material  had  been 

'^ncioved  before  the  floods  of  lava  buried  it  from  sight.     The  rock  at 

^^is  locality  is  of  the  same  character  as  that  already  mentioned  as 

^^^^^urring  at  Granite  Point,  in  Snake  River  Canyon,  about  10  miles  dis- 

^^t.    The  difference  in  elevation  between  these  two  exposures  of  the 

J^^^  land  surface  beneath  the  basalt  is  approximately  2,000  feet.     This 

^^  one  of  many  observations  which  indicate  the  roughness  of  much  of 

^^e  country  which  was  changed  to  a  level  plateau  by  the  basaltic 

overflows. 

The  most  striking  evidehce,  however,  of  the  ruggedness  of  the 
^pography  of  the  buried  land  and  of  the  ocean-like  character  of  the 
inundation  of  molten  rock  that  flowed  over  it  is  furnished  by  the  old 
Uiountain  x)eaks,  that  now  rise  as  islands  above  the  yellow  wheat  lands. 
These  islands  are  within  a  few  miles  of  the  border  of  the  basaltic  over- 
flows.  All  of  the  old  landmarks  where  the  basalt  is  deepest  are  com- 
pletely buried.  Islands  of  granite  surrounded  by  basalt,  near  the 
northern  border  of  the  plateau,  in  the  neighborhood  of  the  Grand 
Coulee,  in  the  Big  Bend  country,  were  described  in  a  previous  report  ^ 
but  far  more  impressive  examples  of  the  same  general  character  are 
furnished  by  Kamiack  and  Steptoe  buttes  in  the  Palouse  country. 

Kamiack  Butie. — In  Whitman  County,  9  miles  north  of  the  town  of 
Pullman,  there  stands  a  picturesque  hill  of  quartzite  and  of  quartzose 
conglomerate  rising  500  or  600  feet  above  the  surface  of  the  surround- 
ing basaltic  plateau.  This  is  the  summit  of  a  bold  hill  that  was  com- 
pletely surrounded  by  the  inundations  of  molten  rock. 

>  Ball.  U.  8.  Qeo\.  Survey  No.  108, 1888,  p.  90. 
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The  soil  on  Kamiack  Butte  is  sandy  and  was  derived  from  the  dis- 
integration of  the  underljdng  rock.     It  differs  in  a  marked  way  from 
the  soil  of  the  adjacent  wheat  lands.     There  is  no  evidence  to  sho^ 
bhat  the  basalt  ever  covered  the  butte,  although  it  rose  between  1 OO 
and  200  feet  higher  than  the  present  plateau  surface.     The  loweri 
of  the  surface  of  the  plateau  is  due  to  the  disintegration  and  dec 
of  the  basalt  and  the  removal  by  stream  and  wind  erosion  of  some 
the  fine  soil  thus  produced.     It  is  an  instructive  fact,  as  will  be  iiot^^^ 
In  advance  in  considering  the  origin  of  the  low  hills  of  the  original 
level  plateau  surface,  that  the  soil  of  the  plateau  has  not  been  bio 
over  the  rocks  forming  the  butte. 

To  the  southwest  of  Kamiack  Butte  and  about  2  miles  distant 
another  but  lower  elevation  of  the  same  character.     To  the  eastwa 
also,  there  is  a  range  of  hills,  apparently  composed  of  quartzite,  whic 
extends  into  Idaho,  and  is  of  the  nature  of  a  cape  projecting  into  th- 
?ea  of  formerly  molten  rock.     The  extremity  of  this  ancient  headlana 
is  separated  from  Kamiack  Butte  by  2  or  3  miles  of  basalt. 

Steptoe  Butte, — This  remarkable  feature  in   the  relief  of  easte 
Washington  is  situated  in  Whitman  County,  8  miles  west  of  the  to 
of  Garfield,  and  10  or  12  miles  from  the  hills  which  bound  the  basaltic- 
plateau  on  the  east.     It  rises  between  1,000  and  1,100  feet  above  th»- 
plateau  which  surrounds  it  on  all  sides.     From  every  direction,  ove 
%  wide  extent  of  country,  the  butte  is  a  prominent  landmark,  and  fro 
wrhatever  point  of  view  it  is  seen  it  appears  as  a  steep-sided  and  sha 
pointed  pyramid.     When  viewed  from  the  eastward,  its  souther 
jlope  makes  an  angle  of  18°  and  its  northern  sides  an  angle  of  19 
20°  with  a  vertical  line.     Each  side  is  gently  concave  and  gives  to  th 
3minence  the  appearance  of  a  volcanic  cone.     The  slopes  on  all  sid 
except  the  west,  which  is  easiest  of  ascent,  are  about  as  steep  as  i 
shown  by  the  measurements  just  givfen. 

,  Steptoe  Butte,  like  its  lesser  companion  described  above,  is  coirr 
posed  mainly  of  quartzite,  but  at  the  summit  the  rock  has  the  char; 
ber  of  a  quartz-schist.  Its  sides  are  not  encumbered  with  loose  d^bri 
iiid  but  little  soil  has  formed  from  the  disintegration  of  the  har 
resistant  rock.  It  is  plainly  the  summit  of  a  bold  mountain  peak,  t 
t)ase  of  which  was  deeply  buried  by  the  overflows  of  lava  that  su 
"ounded  it  and  left  it  as  an  island. 

The  instriTctive  panorama  spread  before  an  observer  on  Steptcr^^^ 
Butte  leads  naturally  to  a  digression  from  the  study  of  the  geology  c^^ 
ihe  butte  itself.     From  this  commanding  summit  we  can  with  advaKi' 
iage,  I  think,  review  some  of  the  leading  features  in  the  geography  of 
Jhe  region  under  consideration. 

To  accommodate  tourists,  a  commodious  hotel  has  been  built  on  the 
ipex  of  the  great  pyramid.  From  about  the  hotel  we  may  in  an  hour 
obtain  a  far  more  graphic  idea  of  the  characteristics  of  the  surround- 
ing region  than  days  of  travel  across  the  plateau  and  over  the  neigh- 
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borixig  mountains  would  furnish.     In  all  directions  from  the  base  of 

tlio  l>utte  extend  the  vast  wheat  lands  of  the  basaltic  plateau,  which 

are  seemingly  as  level  as  the  sea.     The  short  hills  and  level-floored 

depressions  on  the  surface  of  the  plateau  enhance  rather  than  detract 

from  this  resemblance.     It  is  a  stormy  sea,  but  none  of  the  wave-like 

liills  rise  above  a  certain  general  level.     The  distant  horizon  is  undu- 

la^ting,  like  the  sky  line  on  the  ocean  after  a  storm.     The  view  to  the 

noi-tb,  west,  and  southwest  is  limitless.     Not  a  single  landmark  rises 

al>ove  the  general  level  of  the  roughened  plain.     Far  away  to  the 

south  a  long,  low  arch,  forming  a  silhouette  in  blue  against  the  sky, 

r^^^eals  the  outline  of  the  Blue  Mountains.     The  base  line  of  the  arch 

is  30  or  40  miles  long,  and  the  height  of  its  crest  not  over  1,200  or 

I  >  SOO  feet  above  the  general  level  of  the  intervening  plateau.     We 

kixoi^  that  in  the  vast  plain  that  extends  to  the  Blue  Mountains  there 

IS    s^    deep  canyon  through  which  Snake  River  flows,  but  it  is  only 

^rnier  exceptionally  favorable  conditions  of  the  atmosphere  that  its 

^^oxir^e,  easily  mistaken  for  the  shadow  of  a  passing  cloud,  can  be 

^**^<5^d  through  the  yellow  wheat  fields.     To  the  eastward  one  sees  the 

^^I'k  forest-covered  hills  and  mountains  of  Idaho,  and  can  trace 

^ixo    sinuous  line  formed  by  the  junction  of  the  intervening  plateau 

^^^^Ix  the  highlands  that  determine  its  border.    Each  level-floored  inlet 

*^^^   embayment  is  yellow  with  grain  and  each  headland  dark  with 

^^^^^s.     These  and  other  features  of  the  border  of  the  once  molten 

^^^  of  lava  can  be  as  easily  recognized  as  the  inlets  and  headlands  of 

^^^    coast  of  Maine  when  viewed  from  the  summit  of  Mount  Desert 

before  the  rich  soil  of  southeastern  Washington  was  furrowed  by 

^^  plow  it  was  covered  with  bunch  grass,  but  destitute  of  trees  and 

^rubs.     At  present  practically  every  acre  of  the  plateau  surface  is 

-J^^der  cultivation.     The  observer  on  the  summit  of  Steptoe  Butte 

^^^ks  down  on  a  limitless  patchwork   of  brown  and  yellow.     The 

rown  is  the  soil  of  fallow  land,  the  yellow  the  golden  of  the  wheat 

lelds.     It  is  the  custom  to  take  but  one  crop  from  the  land  in  two 

'ears,  so  that  each  summer  practically  half  of  the  land  lies  fallow. 

'he  yellow  grain  fields  and  the  brown,  plowed  lands  are  interspersed 

Xirith  each  other  as  far  away  over  the  plateau  as  the  eye  can  reach. 

Although  there  are  thousands  of  farmhouses  in  the  field  of  view,  they 

^re  nestled  in  valleys  and  hollows,  and  only  a  few  near  the  immediate 

\>a8e  of  the  butte  are  in  sight. 

Next  to  the  boundless  expanse  of  the  level  plateau,  the  most  inter- 
esting feature  of  the  landscape  is  furnished  by  the  wave-like  hills  and 
streamless  depressions  that  give  diversity  to  the  grain  fields.  When 
I  visited  Steptoe  Butte  late  in  September  the  wheat  had  been  har- 
vested, and  the  paths  of  the  reapers  surrounded  the  hills  like  the 
contour  lines  on  a  map  and  served  to  accent  the  peculiarities  of  their 
forms.     The  origin  of  the  hills,  however,  and  the  nature  of  the  deep, 
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rich  soil  of  which  they  are  composed  can  be  better  understood  from 

a  nearer  inspection  and  will  be  discussed  later.     Let  us  now  return  * 

to  our  study  of  the  ancient  crystalline  rocks.  |  uf 

The  uplands,  consisting  largely  of  quartzite  and  granitic  rocks 
which  occur  north  of  Snake  River  along  the  general  course  of  the 
Washington-Idaho  boundary,  swing  westward  near  Spokane  and  fonn 
the  mountainous  region  of  northeastern  and  northern  Washington. 
This  region  is  known  in  an  indefinite  way  as  the  "  Okanogan  country." 
As  described  in  Bulletin  No.  108,  the  Columbia  River  in  making  its 
wide  detour  termed  the  *'  Big  Bend  "  follows  the  base  of  the  mountains 
that  determine  the  northern  border  of  the  basaltic  plateau.  The 
same  great  series  of  crystalline  rocks  is  continued  westward  and  forms 
the  mountaiij  about  Lake  Chelan  and  the  northern  part  of  the  Cas- 
cade range.  Much  of  this  region  of  crystalline  rocks  is  rich  in  miner- 
als, and  excellent  building  stone  abounds.  This  most  promising  field 
for  geological  study  awaits  exploration. 


KITTITAS  SYSTEM. 

In  west-central  Washington,  notably  in  Kittitas  County  and  cross- 
ing the  Columbia  at  Wenatchee,  there  is  an  important  system  of  sand- 
stones and  shales  carrying  valuable  beds  of  coal,  which  rests  on  the 
series  of  ancient  crystalline  rocks  described  above,  and  is  covered  iw 
part  by  the  lavas  next  to  claim  attention.  The  coal  mines  at  Rosly^ 
are  in  this  system. 

In  Bulletin  No.  108  I  have  proposed  the  name  of  Kittitas  system 
for  these  coal-bearing  rocks,  for  the  reason  that  they  form  the  surfa^® 
over  a  large  part  of  Kittitas  County.     The  rocks  of  this  system  h»^'^ 
not  been  studied  and  their  boundaries  are  unknown,  but  in  the  o^^' 
tral  part  of  Kittitas  County  they  pass  beneath  the  series  of  le^^^^ 
sheets  forming  the   basaltic  plateau   of    central   and  southeast*^ ^"^ 
Washington,  and  may  possibly  ext<»nd  l>eneath  the  region  deserit^^^ 
in  this  report.     No  outcrops  of  the  rocks  of  the  Kittitas  system  ^^^ 
known,  however,  east  of  the  Columbia,  except  in  the  neighborhood-     * 
Wenatchee,  but  it  is  not  improbable  that  they  extend  some^rl^*-^ 
widely  beneath  the  lava  rock  of  the  central,  basin. 

COLUMBIA  LAVA. 

As  already  stated,  the  great  basin  between  the  mountains  of  Id-^"*''^ 
and  the  Cascade  range,  including  what  is  known  as  the  "BigR^^" 
countiy,"  or  the  Great  Plains  of  the  Columbia,  and  all  of  the  sov*^^^" 
eastern  portion  of  Washington,  is  covered  with  what  is  termed,  ID  ^ 
general  way,  lava  rock.     Since  a  convenient  geographical  nama  '^^^ 
this  lava  is  desirable,  I  have  suggested  the  t^rm  "Columbia  lav^/' 
for  the  reason  that  much  of  the  country  covered  by  it  is  drained  W 
the  Columbia  River  and  its  branches.^ 

Origin, — The  Columbia  lava  was  poured  out  from  openings  in  the 

» BuU.  U.  S.  (Zoological  Survey  No.  106, 1898,  p.  fSl. 
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earth's  crust  in  a  molten  condition,  in  much  the  same  manner  that 
Tolcanoes  at  the  present  day  are  discharging  similar  material.  It 
probably  came  from  fissures*  in  the  earth's  crust,  however,  instead  of 
from  individual  vents,  as  in  the  case  of  Mount  Rainier,  for  example, 
and  spread  away  from  the  fissure  in  highly  liquid  sheets,  which 
flowed  rapidly. 

As  is  shown  wherever  canyons  have  been  cut  in  the  Columbia  lava, 
it  is  not  one  vast  flow,  but  is  composed  of  many  beds,  frequently  from 
50  to  more  than  150  feet  in  thickness,  which  are  separated  by  scoria- 
ceous  layers  and  other  partings.  The  surfaces  of  flows  which  cooled 
before  the  next  sheet  above  was  poured  out  are  frequently  rough  and 
of  a  cellular  or  scoriaceous  character  and  are  occasionally  covered 
with  lapilli,  as  well  as  with  widely  extended  layers  of  clay  and  sand 
and  old  soils. 

The  statement  that  the  lava  was  poured  out  through  fissures  is  based 
in  part  upon  an  hyi)Othesi8  which  is  held  for  the  reason  that  the  fea- 
tures characteristic  of  volcanoes  are  absent  and  no  plausible  account 
of  the  origin  of  the  lava,  except  by  "fissure  eruptions,"  has  been  sug- 
gested.   The  fissures  through  which  the  lava  is  supposed  to  have 
reached  the  surface  would  be  filled  with  similar  material  and  would 
give  origin  on  cooling  to  what  are  known  as  dikes.    At  one  locality  in 
Kittitas  County,  where  tharocks  beneath  the  lava  have  been  exposed 
by  erosion,  large  dikes  of  this  nature  have  been  seen.^    This  observa- 
tion is  in  direct  support  of  the  fissure-eruption  hypothesis.     The 
large  numl)er  of  separate  sheets  of  lava,  however,  demand  under  the 
hypothesis  mentioned  that  the  earlier  overflow  should  have  been 
broken  by  fissures,  in  order  to  admit  of  the  escape  from  below  of  the 
molten  material  which  rose  and  overflowed  the  surface  so  as  to  form 
^^  later  sheets.     Dikes  should  therefore  be  expected  to  occur  in  the 
JoHer  sheets  of  lava  leading  uj)  to  the  superior  layers.     Although 
^"^  Columbia  lava  lias  been  deeply  dissected  by  stream  erosion,  only 
^br^e  or  four  dikes  cutting  across  the  layers  have  been  seen.     These 
^^  situated  in  the  walls  of  Grande  Ronde  canyon  and  are  all  small, 
^^^  largest  being  onlj'  about  30  feet  thick.    Whether  these  dikes  lead 
^  lava  sheets  higher  in  the  canyon  wall  and  indicate  the  fissures 
iroui  which  material  forming  the  superior  sheets  was  derived  is  not 
^^*tain,  for  the  reason  that  disintegration  has  obscured  the  upward 
^^t^nsion  of  the  dikes  and  made  it  impossible  to  trace  them  for  more 
^^Hn  a  few  hundred  feet  above  the  present  level  of  Grande  Ronde 
River. 

Throughout  the  hundreds  of  miles  of  cliffs  formed  by  the  walls  of 
stream  channels  through  the  Columbia  lava  that  have  come  under 
Diy  notice,  with  the  exception  of  the  locality  just  mentioned,  dikes  are 
absent.  There  is  thus  seemingly  a  weakness  in  the  evidence  which 
should  be  looked  for  in  support  of  the  fissure-eruption  hyi)othesis, 

1  BnU.  U.  a  CtooL  Survey  No.  106, 1806,  pp.  67-4». 
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but  this  may  be  removed  when  the  region  covered  by  the  Coluni' 
bia  lava,  especially  in  the  vicinity  of  the  Cascade  Mountains,  is  more 
extensively  examined. 

Extent, — The  Columbia  lava  is  hy  far  the  most  extensive  of  th( 
geological  formations  in  the  far  Northwest.  It  is  also  the  mosi 
important  from  an  economic  point  of  view,  since  by  the  disintegra 
tion  and  decay  of  its  surface  layers  it  has  furnished  the  wonderfull) 
rich  soil  on  which  a  large  portion  of  the  grain  of  Washington  an( 
adjacent  States  is  raised. 

The  boundary  of  this  great  series  of  volcanic  overflows  in  easten 
Washington,  from  Snake  River  northward  to  Spokane  River,  am 
thence  westward  along  the  Columbia,  has  already  been  briefl; 
described.  The  Columbia  lava  occurs  also  in  the  Cascade  Mountain 
of  Washington  and  Oregon,  and 'extends  southward  into  California 
To  the  east  of  the  Cascade  Mountains  it  occupies  much  of  Oregoi 
and  large  portions  of  southern  Idaho.  Although  its  boundaries  hav< 
not  been  mapped,  it  is  known  to  occupy  an  ai-ea  of  not  less  thai 
200,000,  and  possibly  as  much  as  250,000,  square  miles. 

Thickness, — ^The  Columbia  lava,  as  alreadj'^  stated,  was  poured  ou 
in  a  molten  condition  and  spread  over  the  country  like  a  series  o 
ftery  inundations.  The  surfaces  of  the  various  sheets  were  originall; 
practically  horizontal,  but  the  surface  of-  the  inundate  country  wa 
uneven  and,  in  part  at  least,  mountainous.  The  depth  of  the  hare 
ened  lava  at  various  localities  would  therefore  depend  on  the  chara4 
ter  of  the  topography  of  the  region  it  covers.  The  original  thickuei 
has  been  decreased  by  erosion,  but,  except  in  the  canyon,  this  is  a< 
great.  The  loss  from  the  surface  of  those  portions  which  have  n 
been  upraised  or  tilted  is,  under  the  most  liberal  estimate,  not  over 
few  hundred  feet. 

The  maximum  thickness  of  the  lava,  or,  considering  it  as  a  congeale 
sea  of  molten  rock,  the  deepest  sounding,  is  not  known.  About  tf 
margin  of  the  basaltic  flows  along  the  Columbia  River,  in  the  "B 
Bend  country,"  canyons  300  or  400  feet  in  depth  reveal  the  granis 
beneath.  Along  Snake  River  Canyon  for  over  100  miles  from  i' 
mouth  2,0(X)  feet  of  lava  is  in  sight.  Where  Snake  River  and  th 
Grande  Ronde  cut  into  the  Blue  Mountain  uplift,  between  4,000  an 
5,000  feet  of  horizontally  bedded  lava  is  exposed.  This  is  the  deepec 
section  yet  discovered,  but  even  there  the  base  of  the  series  is  nc 
seen.  It  seems  safe  to  •conclude  that  the  maximum  thickness  is  i 
excess  of  5,000  feet.  In  the  Cascade  Mountains,  according  to  Pro! 
Joseph  Le  Conte,  3,700  feet  of  lava  is  to  be  seen.  From  my  ow 
observations  in  that  region,  however,  I  should  not  be  surprised  if  muc 
greater  thicknesses  are  discovered.  The  average  thickness  for  th 
Columbia  lava  in  the  State  of  Washington  was  thought  by  Lieutenan 
Symons  *  to  be  not  far  from  2,000  feet.     In  a  former  report  I  was  dis 
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posed  to  agree  with  this  estimate,  but  observations  since  made  along 
Snake  River  certainly  indicate  that  the  average  thickness  over  large 
areas  must  be  much  in  excess  of  the  amount  stated.  Estimates  of  the 
average  thickness  can  at  present  have  but  little  value,  liowever,  as 
even  single  measurements  of  the  total  thickness  are  lacking,  except 
near  the  borders  of  the  lava-covered  region.  • 

Character  of  the  rock. — The  general  appearance  of  the  mck  forming 
the  widely  extended  formation  under  discussion  is  familiar  to  ever}^- 
one  in  southeastern  Washington.  It  is  the  common  black  I'ock  of  the 
country.  It  underlies  all  of  the  wheat  lands,  and  is  splendidly 
exposed  in  the  canyons  of  the  Grande  Ronde,  Snake,  Palouse,  and 
Spokane  rivers,  and  along  nearly  all  of  their  branches  west  of  the 
Washington-Idaho  boundary.  To  the  geologist  this  rock  is  known  as 
basalt.^  It  is  dark,  usually  black,  in  color,  but  various  tints  of 
gray,  green,  brown,  and  red  are  not  uncommon.  Most  of  the  varia- 
tions from  the  normal  black  or  nearly  black  color  are  due  to  weath- 
ering. The  upper  surfaces  of  some  of  the  sheets,  however,  are  red, 
owing  to  the  oxidation  of  the  iron  in  the  rock  while  it  was  yet  highly 
heated. 

One  of  the  latest  lava  flows  in  the  great  series  here  considered  occurs 
in  Yakima  County,  between  Cowiche  and  Natches  creeks,  and  differs 
from  all  other  portions  of  the  Columbia  lava  now  known.  The  lava 
sheet  referred  to  consists  of  what  is  termed  hypersthene-andesite,  and 
<^ntain8  prominent  crystals  of  the  mineral  hypersthene.^  When  the 
Columbia  lava  is  critically  studied,  it  is  probable  that  other  rocks 
Nearly  related  to  basalt,  but  differing  from  it  in  chemical  and  miner- 
^^^gical  composition,  will  be  discovered. 

Except  when  the  molten  magma  cooled  with  -excessive  rapidity,  as 

^^  eoraing  in  contact  with  water,  or  flowed  over  wet  sands  and  clays, 

yve  material  composing  it  became  ciystallized.     The  slower  the  cool- 

*^^,  the  larger  the  crystals  that  were  formed.     The  central  portions 

^^  the  various  sheets  are  for  this  reason  usually  coarser  in  texture 

■^Hn  their  surfaces.     In  a  few  instances  the  bottom  of  a  layer  is 

^^ost  glassy  for  an  inch  or  two  in  thickness,  owing  to  sudden  cooling. 

^i^mental  material,  sometimes  found  in  sheets  between  the  la^^ers, 

^^<1  probably  formed  by  the  disintegration  of  the  highl}"  heated  rock 

^^  coming  in  contact  with  water,  is  also  excessively  ^ne  grained  and 

^^t  reous  in  luster. 

The  crystals  of  which  the  basalt  is  composed  can  seldom  be  seen  by 
^^^  unaided  eye,  but  when  thin  sections  of  the  rock  are  studied  with 

*  A  characteristic  sample  of  this  rock  from  Mill  Creek,  near  Walla  Walla,  has  been  examined 

^y  Mr.  J.  8.  Diller,  who  reports  as  follows  concerning  it:    *'  The  rock  is  a  characteristic  basalt, 

^ii%>oeed  of  plagioclaae  feldspar,  augite,  olivine,  and  magnetite,  with  considerable  globulitic 

^^*8o.    The  feldspars  are  well  developed,  with  crystallographic  boundaries.    The  angite  is  less 

^^11  developed  and  is  generally  granular,  as  is  also  the  olivine.    The  magnetite  is  mostly  in  octa- 

^^ral  crystals,  which  for  the  most  part  are  arranged  in  groups  made  up  of  lines  perpendicular 

^  one  another.    The.rock  is  i)erf ectly  fresh  and  unaltered. '* 

'BuU.  U.  8.  Geol.  Survey  No.  108, 18fl3,  pp.  64-65. 
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the  assistance  of  a  microscope  their  nature  is  clearly  shown.  The 
minerals  which  make  up  the  bulk  of  the  rock  are  feldspar,  augite, 
olivine,  and  magnetite,  and  crystals  of  other  minerals  are  scattered 
thickly  through  uncrystallized  portions  of  the  magma,  which.forms  a 
glassy  groundmass.  The  minerals  mentioned  are  silicates  of  alum- 
ina, magnesia,  sod^,  potash,  lime,  iron,  etc.,  and  when  the  rock 
decomposes  on  weathering  these  substances  are  more  or  less  perfectly 
liberated. 

Chemical  analyses  of  basalt  show  that  in  general  it  ex>ntains  from 
46  to  57  per  cent  of  silica  and  from  11  to  22  per  cent  of  alumina, 
together  with  lime,  magnesia,  potash,  etc.,  in  proportions  varying 
from  a  small  fraction  of  1  per  cent  to  over  10  per  cent.  It  is  the  pres- 
ence of  lime,  potash,  and  phosphoric  acid  in  the  basalt  that  gives  the 
soils  formed  from  its  decay  much  of  their  richness  for  agricultural 
purposes. 

ColuTnnar  structure. — The  columnar  structure  of  manv  of  the  lava 
sheets  gives  interesting  details  to  the  massive  architecture  of  the 
canyon  walls  at  many  localities.  This  structure,  as  is  well  known,  is 
due  to  the  shrinking  of  the  rocks  on  cooling.  The  columns  have  their 
longer  axes  at  right  angles  to  the  cooling  surfaces,  and  consequently, 
in  hoHzontal  sheets,  are  vertical.  When  a  canj^on  is  cut  through  a 
series  of  beds  having  this  columnar  structure,  the  section  of  each 
layer  presents  the  appearance  of  a  long  ex)lonnade  of  closely  set  verti- 
cal shafts. 

The  columns  are  most  commonly  hexagonal  in  cross  section ,  although 
other  forms,  with  sides  ranging  from  three  to  eight,  may  be  found 
They  are  frequentlj"  3  or  4  feet  in  diameter,  but  sometimes  larger, 
and  from  a  few  feet  to  30  feet  or  more  in  height.  The  larger  columns 
are  not  usually  sharply  defined,  as  their  sides  are  apt  to  be  irregular. 
The  most  perfect  examples  have  usually  a  diameter  of  from  15  to  25 
inches.  One  of  the  best  displays  of  columnar  structure  that  I  have 
seen  occurs  on  the  left  bank  of  Snake  River,  about  3  miles  above  the 
mouth  of  Alpowa  Creek.  A  long  colonnade  is  there  exposed,  forming 
a  vertical  wall  30  to  40  feet  high,  in  which  the  shafts  are  remarkably 
even  and  of  uniform  size.  The  columns  are  mostly  six-sided  and 
about  14  inches  in  dianieter.  Beneath  this  columnar  laj^er  is  a  bed 
of  pure- white  volcanic  dust.  The  removal  of  this  soft  laj^er  by  the 
river  has  led  to  the  undermining  of  the  heavy  sheet  of  basalt  resting 
on  it  and  the  breaking  away  of  the  jointed  rock,  so  as  to  form  the  wall 
in  which  the  columnar  structure  is  so  well  displayed. 

The  breaking  of  the  basalt  into  columns  is  due,  as  stated  above,  to 
shrinkage  on  cooling.  Breaks  in  the  rock,  termed  joints,  are  thus 
formed.  These  are  best  developed  when  cooling  is  slow,  and  for  this 
reason  the  central  portions  of  lava  sheets  are  f  requentl}^  regularly 
jointed — that  is,  divided  into  well-defined  columns — while  the  top 
and  bottom  portions  of  the  sheets  are  confusedly  joiiited,  and  sepa- 
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rate  into  blocks  of  all  shapes  and  many  sizes.  The  irregularly  jointed 
rock  does  not  fall  apart  so  readily  as  that  in  which  the  joints  are  paral- 
lel and  well  developed.  It  is  for  this  reason  that  the  rows  of  columns 
exposed  in  the  canyon  walls  so  frequently  rise  from  a  projecting  base 
and  support  an  overhanging  cornice  above. 

In  some  localities,  particularly  where  the  basaltic  columns  are  of 
large  size,  their  surfaces  present  a  network  of  grooves  looking  like 
the  cracks  formed  in  the  surface  of  mud  on  diying.  The  origin  of 
these  peculiar  markings  was  not  apparent  until  weathered  surfaces 
were  examined.  It  was  then  found  that  the  columns  frequently 
have  a  well-defined  internal  structure.  They  are  formed  of  small 
columns  similar  in  form  to  the  main  shafts,  but  usually  only  an  inch 
or  two  in  diameter.  These  secondary  columns  radiate  from  a  con- 
fusedly jointed  central  core  and  terminate  in  more  or  less  regularly 
shaped  prisms  at  the  surface  of  the  main  column.  It  is  the  junction 
of  the  bounding  planes  of  the  secondary  columns  with  the  surface  of 
the  main  shafts  that  gives  rise  to  the  peculiar  figures  mentioned  above. 
These  figures,  frequentlj'^  six-sided,  but  usually  irregular,  are  best 
seen  when  the  surfaces  of  the  main  columns  are  somewhat  weathered. 
The  cracks  or  planes  of  jointing  that  define  the  sides  of  the  large  col- 
umns are,  as  already  stated,  at  right  angles  to  the  cooling  surfaces. 
The  secondary  columns  are  at  right  angles  to  the  master  joints,  which 
determined  the  cooling  surfaces  of  the  material  forming  the  columns 
bounded  by  them. 

The  best  locality  for  studying  this  secondary  columnar  structure 
that  I  have  noticed  is  on  the  left  bank  of  Snake  River,  about  6  miles 
above  Asotin,  where  an  excavation  for  a  road  has  recently  been  made 
at  the  base  of  a  great  precipice. 

The  sides  of  the  columns  into  which  the  Columbia  lava  has  so  fre- 
quently been  broken  seldom  present  plane  surfaces,  but  are  iiTcgular 
^  many  ways.  The  convexities  on  the  side  of  one  column  fit  accu- 
J^tely  into  depressions  in  the  sides  of  the  iidjacenfr columns  and  serve 
to  lock  the  columns  together,  and  thus  admit  of  their  standing  in 
vertical  precipices.  The  columns  in  the  face  of  a  cliff  are  frequently' 
80  loose  that  one  can  move  them  with  the  hand,  but  the  interlocking 
of  their  irregular  sides  with  their  neighbors  holds  them  in  place. 

The  series  of  vertical  joints  which  divide  the  horizontal  sheets  of 

basalt  into  columns  are  frequently  crossed  by  other  joints  or  breaks, 

which  are  horizontal.     There  are  at  least  two  classes  of  these  horizontal 

joints,  one  of  which  affects  individual  columns,  while  the  other  runs 

through  a  large  series  of  columns. 

The  cross  joints  which  affect  individual  columns  break  them  into 
sections  from  a  few  inches  to  perhaps  3  or  4  feet  in  length.  The  sum- 
mit of  each  section  is  commonly  concave,  or  depressed,  so  as  to  form 
a  saucer-shaped  hollow,  into  which  fit  the  rounded  ends  of  the  sec- 
tions next  above.     It  is  seldom,  however,  that  this  ball-and-socket 
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arrangement,  so  well  displayed  at  the  Giant's  Causeway,  Ireland,  on 
the  Isle  of  Staffa,  Scotland,  and  in  other  classical  exposures  of  basaltic 
rock,  is  characteristically  exhibited  in  the  Columbia  lava. 

The  other  variety  of  horizontal  jointing,  of  which  mention  was 
made  above,  extends  for  long  distances,  and  frequently  affects  a 
series  of  vertical  columns  several  milea  in  length.  These  breaks  make 
important  division  planes  in  the  canyon  walls.  While  in  general 
horizontal,  they  sometimes  make  sharp  downwaixi  bends,  but  when 
this  occurs  the  columns  still  maintain  a  direction  at  right  angles  to 
the  breaks — that  is,  the  joints  are  parallel  with  the  cooling  surfaces 
that  controlled  the  arrangement  of  the  columns.  When  the  horizontal 
division  planes  make  a  sharp  downward  curve,  the  columns  radiate 
from  a  center  situated  above.  When  two  or  more  generally  horizontal 
division  planes  have  been  developed,  they  are  strictly  parallel  with 
each  other  and  have  similar  downward  curves  where  groups  of  radi- 
ated columns  occur.  The  vertical  distance  between  two  well-defined 
planes  is  in  some  instances  not  over  3  or  4  feet;  at  other  times  the 
interval  is  20  or  30  feet. 

The  widely  extended  horizontal  joints  just  described  may  be  dis- 
tinguished from  bedding  planes  by  the  fact  that  the  generally  vertical 
columns  cross  them  without  change  in  direction,  and  also  b}^  the  fae1 
that  they  are  narrow  and  sharply  defined;  and  again,*  for  the  reasoi: 
that  the  rocks  above  and  below  are  not  scoriaceous  and  have  none  o 
the  features  that  characterize  the  surface  and  basal  portions  of  lar^ 
flows. 

So  far  as  I  am  aware,  these  widely  extended  horizontal  joints  hav4 
never  been  explained,  but  their  parallelism  with  the  surfaces  of  tlit 
lava  sheets  suggest  that  they  are  due  to  the  shrinking  of  the  rock  a^ 
cooling  progressed  from  the  surface  downward. 

While  the  systems  of  vertical  columns  and  frequent  presence  oi 
horizontal  joint  planes  make  the  regular  jointing  conspicuous,  the  fact 
is  not  to  be  overlooked  that  the  rock,  where  this  systematic  arrange- 
ment is  not  pronounced,  is  also  broken  in  a  similar  way,  but  with- 
out regularity.  This  becomes  especially  evident  when  apparently 
solid  cliffs  crumble  on  weathering,  and  an  irregular  series  of  joints  is 
developed. 

Scoriaceous  surfaces  and  amygdaloids. — The  surfaces  of  the  various 
flows  of  Columbia  lava  are  usually  cellular  or  scoriaceous,  while  at  a 
depth  usually  of  a  few  feet  the  rock  is  compact  and  practically  without 
cavities.  As  is  well  known  from  the  study  of  modern  lava  streams, 
the  oval  holes  and  blebs,  sometimes  drawn  out  by  the  flow  of  the  still 
plastic  rock  so  as  to  be  greatly  elongated,  are  due  to  the  expansion  ol 
steam  and  gases  within  the  highly  heated  and  still  pasty  material 
On  account  of  the  action  of  the  oxygen  of  the  air  on  these  rocks  whil( 
still  heated,  or  afterwards  as  they  cooled  and  weathered,  the  iron  con 
tained  in  them  was  usually  oxidized  and  the  rocks  acquired  a  rec 
color.    The  scoriaceous  layers  are  therefore  frequently  red. 
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The  upper  surfaces  of  the  various  sheets  are  characterized  especially 
by  a  cellular  or  scoriaceous  condition ;  the  under  surfaces  also  have 
the  same  characteristics,  although  usually  not  so  well  marked.  As  a 
lava  stream  advances,  its  surface  becomes  cooled  and  forms  a  scoria- 
ceous crust,  which  may  be  sustained  for  a  time  on  the  still  moving  and 
highly  liquid  lava  beneath.  A  hardened  crust  also  forms  on  the  ex- 
tremity of  the  moving  sheet,  and  is  rolled  under  as  the  sheet  advances. 
Scoriaceous  rock  is  thus  transferred  from  the  surface  to  the  base  of  a 
lava  stream.  Where  sheet  has  succeeded  sheet,  each  formed  by  an 
outpouring  of  molten  rock,  it  is  frequently  difficult  to  say  just  where 
the  junction  plane  separating  them  is  located,  for  the  reason  that  the 
rough,  scoriaceous  surface  of  the  lower  sheet  is  involved  and  embedded 
in  similar  material,  which  was  poured  out  over  it. 

The  basal  jwrtions  of  lava  sheets,  especially  when  they  rest  upon 
soft  deposits  like  clay,  are  sometimes  smooth,  and  have  a  dense  outer 
rind  with  a  glassy  structure,  due  to  rapid  cooling.     An  instance  of  this' 
nature  observed  at  Spokane  is  described  on  page  53. 

Tlie  cavities  in  scoriaceous  lava  frequently  become  filled  with  min- 
eral matter,  and  on  breaking  open  the  rock  that  has  undergone  this 
change  kernel-like  grains  are  found  instead  of  cavities.  The  mineral 
matter  in  such  instances,  most  frequently  some  form  of  quartz,  has 
been  deposited  from  solution  by  percolating  water  since  the  rock 
hardened.  Rocks  containing  cavities  which  have  been  filled  in  this 
way  are  termed  amygdaloids^  from  the  resemblance  of  the  kernels  to 
almonds.  The  kernels  or  amygdules  may  be  of  any  shape,  however, 
and  not  infrequently  in  the  Columbia  lava  are  very  irregular.  In 
some  of  the  layers  of  the  lava,  as  was  observed  especially  in  the  can- 
yon of  the  Grande  Ronde,  the  cavities  are  not  completely  filled,  but 
^h  one  has  a  thin  lining  of  quartz.  As  the  rocks  weather  the  small 
hollow  kernels  are  liberated  and  occur  scattered  through  the  soil. 

Larger  cavities  in  the  lava  at  times  become  filled  with  a  form  of 
Silica  known  as  chalcedony,  which  has  a  yellow  color  and  looks  like 
bright  yellow  resin.  When  this  mineral  presents  bands  or  layers  of 
different  color,  it  is  known  as  onyx.  The  presence  of  this  mineral  in 
the  Ck)lumbia  lava  has  led  to  crude  mining  at  a  few  localities  with  the 
hope  of  discovering  beds  of  onyx,  but  thus  far  little  if  any  material 
of  commercial  value  has  been  found. 

Another  form  of  silica,  known  as  opal,  also  occurs  as  amygdules  in 
the  Columbia  lava,  and  very  beautiful  stones  having  bright  colors 
have  been  obtained.  These  stones  are  of  the  variety  known  as  harle- 
quin opals,  and  are  frequently  of  great  brilliancy  and  in  every  way  of 
excellent  quality.  Opal  mining  has  been  carried  on  in  a  small  way 
at  Moscow  and  a  few  other  localities  in  Idaho,  and  the  conditions  seem 
favorable  for  continuing  this  industry.  Common  opal,  of  a  milky- 
white  color  and  without  the  gorgeous  play  of  colors  that  makes  the 
harlequin  opal  one  of  the  most  beautiful  of  gems,  occurs  at  very  many 
horizons,  and  so  long  as  we  do  not  know  the  precise  conditions  that 
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cause  the  variations  in  the  character  of  the  silica  deposited  in  cavi- 
ties in  the  lava,  one  may  hope  to  find  the  variety  having  brilliant 
colors  at  almost  any  locality. 

Extent  and  thickness  of  individual  slieets, — In  the  walls  of  many  of 
the  canyons  that  have  been  excavated  in  the  balsatic  plateau,  and 
especially  in  Snake  River  Canyon  and  along  Spokane  and  Columbia 
rivers,  individual  layers  of  lava  maybe  traced  for  miles,  and  even  for 
scores  of  miles,  without  notable  variation  in  thickness  or  in  general 
characteristics.     I  have  not  made  continuous  journeys 'of  more  than 
25  or  30  miles  through  the  canyons,  but  have  entered  them  at  various 
places.     Localities  on  their  brinks  frequently  command  a  view  of  10 
or  15  miles  of  the  opposite  wall,  and  from  exceptionally  favorable 
localities  for  observation,  like  the  summit  of  Mount  Wilson,  the  edgea 
of  the  lava  sheets  may  be  •seen  clearly  exposed  for  not  less  than  40 
miles.     In  no  instance  have  I  seen  a  lava  sheet  thin  out  or'  in  fact* 
'present  any  marked  variations.     It  is  evident  that  the  lava  was  highl}^ 
fluid  at  the  time  of  its  extrusion,  and  that  it  spread  widely  over  th^^ 
country  in  horizontal  sheets  of  remarkably  uniform  thickness.     Few^ 
exact  measures  of  the  thickness  of  individual  sheets  have  been  made^ 
but  by  eye  estimates  it  is  safe  to  say  that  many  sheets  are  from  40  tA 
60  feet  thick,  and  not  infrequently  layers  of  more  than  double  thes( 
amounts  occur.     The  average  thickness,  I  should  judge,  would  l^e  6(— ^ 
or  80  feet. 

Number  of  overflows, — In  almost  any  view  of  the  walls  of  Snaki^^ 
River  Canyon,  which  furnishes  the  best  section  known  of  the  Colum  — 
bia,  50  or  60  well-defined  bands  may  be  seen,  which  at  first  sigh"^^ 
appear  to  be  the  edges  of  individual  lava  sheets.     A  closer  examina — • 
tion  will  show,  however,  that  some  of  even  the  most  conspicuous  hori  — 
zontal  partings  do  not  mark  the  junction  of  separate  lava  sheets,  hxx^^ 
are  due  to  the  horizontal  jointing  already  described.     Some  of  th^ 
bands,  too,  are  due  to  the  columnar  structure  of  the  central  portiorm 
of  the  various  sheets  adjacent  to  other  portions  of  the  same  flows 
which  are  confusedly  jointed.     For  these  reasons,  and  also  because 
the  terraces  or  steps  in  the  canyon  walls  are  covered  with  loose  rocks 
and  soil,  banked  high  against  the  cliffs  above,  it  is  difficult  to  deter- 
mine how  many  individual  lava  sheets  have  been  cut  through  in  order 
to  form  the  canyon.     Reliable  evidence  of  the  vertical  extent  of  the 
individual  sheets  of  lava  is  sometimes  furnished  by  interbedded  layers 
of  sedimentary  origin,  like  sand  and  clay,  and  also  bj''  sheets  of  f rag- 
mental  material,  termed  lapilli  and  volcanic  dust.     It  is  infrequent, 
however,  in  eastern  Washington  that  evidence  of  this  nature  can  be 
had.     Usually,  the  only  safe  method  of  distinguishing  the  individual 
flow  is  by  noting  the  occurrenee  of  scoriaceous  bands. 

On  counting  the  numbers  of  scoriaceous  bands  exposed  in  the  walls 
of  Snake  River  Canyon,  I  found  that  at  least  eight  lava  sheets  had  been 
cut  through  to  form  the  canyon  where  it  is  3,000  feet  deep.     I  am  by 
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no  means  confident,  however,  that  this  is  the  total  number  of  sheets 
in  sight.  Although  the  canyon  walls  appear  to  offer  abundant  facili- 
ties for  learning  the  number  of  individual  flows  exposed  in  them,  yet 
difficulties  arise  when  one  attempts  to  measure  an  actual  section,  for 
the  reason  that  large  portions  of  the  cliffs  are  concealed  by  talus 
slopes.  I  must  confess  that  I  did  not  make  such  a  detailed  study  of 
the  canyon  walls  as  I  had  hoped  to  do,  for  the  reason,  in  part,  that  I 
delayed  the  task  until  the  most  favorable  locality  should  be  found. 
The  best  localities  for  such  a  detailed  study  are  in  Snake  River  Canyon, 
above  Asotin,  but  when  in  that  section  my  time  was  too  limited  to 
do  all  the  work  I  desired  to  accomplish. 

Oedogwal  age, — Beneath  the  Columbia  lava  in  Kittitas  County 
there  are  coal-bearing  rocks,  termed  the  Kittitas  system,  which,  as 
shown  by  their  abundant  plant  remains,  are  probably  of  Eocene  age, 
the  oldest  of  the  principal  divisions  of  the  Tertiary.  Resting  on  the 
lavas  in  the  same  general  region,  and  in  part  interbedded  with  them, 
is  another  series  of  beds  which  have  been  referred  to  the  Miocene,  or 
the  middle  portion  of  the  Tertiary.  This  evidence  seems  conclusive 
that  the  Columbia  lava  was  poured  out  somewhere  near  the  middle 
of  the  Tertiary  period. 

Road  material. — ^The  basalt  will  probably  never  be  in  demand  for 
afchitectural  purposes,  for  the  reason  that  it  is  too  hard  to  be  smoothed 
or  polished  economically,  and  also  because  of  its  dark  color.  It  is  of 
value,  however,  for  rough  masonry,  as,  for  example,  the  foundations  of 
buildings,  abutments  of  bridges,  etc.  When  crashed,  it  furnishes  a 
^ost  excellent  material  for  macadamizing  roads  and  streets  or  ballast- 
^^g  railroad  tracks. 

The  fine  soil  of  central  and  eastern  Washington  makes  poor  roads, 
^  it  wears  easil}^  rises  in  dust  when  dry,  and  is  soft  and  slippery 
^hen  wet.  At  present  the  country  roads  and  even  the  streets  in  the 
towns  have  but  little  attention  given  to  them.  But  as  the  State 
grows  in  wealth  and  culture  better  roads  will  be  demanded.  The 
ymsAt  will  then  furnish  a  limitless  supply  of  material  for  their  im- 
provement.* 

Artesian  tveUs, — The  artesian  wells  at  Pullman,  Palouse,  and  other 
places  in  Whitman  County  and  adjacent  x)ortions  of  Idaho  have  been 
drilled  in  the  Columbia  lava.  If  other  similar  wells  are  to  be  had  in 
southeastern  Washington,  they  will  have  to  penetrate  the  same  series 


*  In  Walla  Walla  and  some  other  towns  the  practice  preyails  of  covering  the  dusty  streets  to 
a  depth  of  6  or  0  Inches  with  wheat  straw.  This  temporary  expedient  is  an  improvement,  bat 
Hbonld  not  be  allowed  to  delay  the  fnaking  of  solid  and  practically  dustless  roadbeds  with 
broken  stone,  on  the  macadam  plan. 

The  country  roads  throughout  sontheasteru  Washington  are  frequently  impassable  for  loaded 
wagons  during  wet  weather,  and,  besides,  follow  section  lines,  without  reference  to  hills  or  val- 
leysw  Economy,  if  no  higher  prindpie,  demands  that  the  rectangular  road  system  should  be 
abandoned  in  many  regions  and  an  effort  made  to  give  the  roads  gentle  grades  and  smooth, 
hard  surfaces. 

The  improvement  of  country  roads,  especially  by  the  macadam  process,  is  discussed  by  Prof. 
N.  S.  ShxJer  in  the  Sixteenth  Annual  Report  of  the  United  States  Qeological  Survey. 

4 i 
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of  lava  flows.  In  dealing  with  the  artesian  nroblem  it  is  necessary^  to 
consider  various  conditions  besides  the  character  of  the  lava,  and  t:*his 
discussion  will  therefore  be  postponed  to  a  later  portion  of  this  report. 

CLAY  AND   GRAVEL*  INTERSTRATIFIED   WITH    THE    COLUMBIA 

LAVA. 

YakiTTia  VdUey, — In  the  region  occupied  by  the  Columbia  lava  in 
central  Washington,  to  the  west  of  Columbia  River,  and  described  xja 
a  previous  report,^  there  are  several  widely  spread  sheets  of  cl»>^5 
gravel,  sand,  etc.,  of  sedimentary  origin,  interleaved  with  the  la^^^ 
sheets.  The  brief  account  given  in  the  rei)ort  referred  to,  of  the  rel»^ 
tion  of  the  lava  to  these  interbedded  deposits,  is  as  follows: 

Near  the  npper  surface  of  the  Colombia  lava,  in  the  Yakima  region,  there  10  ^ 
thin  layer  of  clay  formed  as  a  sediment  in  a  Tertiary  lake,  and  sabseqnen^ly 
covered  by  a  lava  flow  a  hundred  feet  thick.    Above  this  bed  of  basalt  and  resti  Tig 
evenly  on  its  surface  are  gravels  and  fine,  evenly  bedded  lacustral  sediments,  hav- 
ing a  thickness  of  125  feet;  then  comes  an  interstratified  sheet  of  columnar  has j  It. 
from  40  to  100  feet  thick,  which  may  be  traced  from  the  hills  about  Ellensbnrg 
eastward  to  Columbia  River  and  which  appears  again  in  the  eastern  portioa  of 
Saddle  Mountain.    Above  this  layer  there  are  other  lacustral  deposits,  belonging 
to  the  John  Day  system.    Besides  the  widely  spread  interstratified  sheets  of  basalt 
there  are  others  more  local  and  less  well  known;  one  of  these  was  penetrated  while 
drilling  the  artesian  wells  in  Moxee  Valley. 

Southeastern  Washington. — The  examination  made  of  the  geology 
of  southeastern  Washington  failed  to  show  that  deposits  of  aqueous 

origin,  interstratified  with  the  Columbia  lava,  are  there  as  numer-  I 

ous  as  in  the  region  mentioned  above,  to  the  west  of  the  Columbia.  I 

This  is  an  important  matter,  as  it  has  a  direct  bearing  on  the  question  I 

of  artesian  water  supply.     The  localities  where  sedimentary  beds  I 

occur  interleaved  with  the  basalt  to  the  east  of  the  Columbia  are  I 

mostly  near  the  eastern  boundary  of  the  basaltic  plateau,  in  Spokane,  I 

Whitman,  and  Asotin  counties.  I 

A  possible  reason  for  the  fact  that  a  greater  number  of  sedimentary  I 

beds  interstratified  with  the  basalt  have  been  recognized  in  the  region  I 

west  of  the  Columbia  than  in  the  country  having  a  similar  geological  j 

history  to  the  east  of  that  river  may  be  that  in  the  western  area  tte  1 

lavas  and  interbedded  deposits  have  been  disturbed  from  their  original  I 

horizontal  position  and  the  vast  blocks  bounded  by  faults  have  been  I 

upraised  so  as  to  expose  the  edges  of  the  strata  composing  them  and  to  I 

allow  the  weathering  out  of  the  soft  beds,  in  part,  in  such  a  manner  as  I 

to  reveal  their  presence  in  the  topography.     In  southeastern  Washing-  1 

ton  the  rocks  are,  for  the  most  part,  still  horizontal,  and  the  only  sec-  1 

tions  exposed  to  view  are  in  canyon  walls.     Unless  the  escarpments  1 

are  unusually  st«ep,  the  soft  beds  are  apt  to  be  concealed  by  talus  I 

slopes  and  soil,  and  their  presence  masked.     A  more  detailed  study  of  I 

» BaU.  U.  S.  G©ol.  Survey  No.  108, 1803,  p.  22.  ] 


ELL^l  GEOLOGICAL  FORMATIONS.  51 

geology  of  this  region  will  perhaps  reveal  a  greater  number  of  sed- 
ntary  beds  in  the  basaltic  area  than  is  at  present  known. 
Valla  Walla  Valley. — At  a  locality  on  the  south  side  of  Walla 
lla  Valley,  about  midway  between  Walla  Walla  and  Wallula,  the 
er  portion  of  a  bed  of  line  clay  beneath  basalt  is  open  to  view  for 
Lort  distance.  The  thickness  of  this  bed  that  is  exposed  to  view 
nly  about  4  feet,  but  its  total  thickness  is  unknown. 
sotin  country, — Near  Asotin,  on  each  side  of  Asotin  Creek  and 
clearly  exposed  in  the  neighboring  i)ortion  of  Snake  River  Canyon, 
'e  are  two  horizons,  one  about  360  and  the  other  approximately  700 
.  above  the  town  of  Asotin,  at  which  light-colored,  evenly  stratified 
''s  appear  between  thick  layers  of  basalt.  The  lower  bed  of  clay 
1  the  neighborhood  of  40  feet  thick;  the  upper  one  is  certainly 
2h  thicker,  but  has  not  been  measured.  These  sheets  of  clay  are 
bably  of  wide  extent,  but  owing  to  the  manner  in  which  compara- 
bly thin,  soft  layers  in  a  great  series  of  hard  beds  became  concealed 
heir  outcrops  in  canyon  walls  by  debris  and  soil,  their  presence 
not  clearly  recognized  in  the  bluffs  and  precipices  bordering  Snake 
er. 

Wouse  country, — At  Pullman  the  upper  portion  of  a  bed  of  heavy 
'  is  exposed  near  the  bottom  of  the  steep-sided  valley  in  which  the 
iness  portion  of  the  town  is  located.     This  bed,  as  shown  in  rail- 

I  cuts  northwest  from  the  town,  and  in  part  by  well  borings,  is 
lit  30  feet  thick.  Its  upper  portion,  to  the  depth  of  from  4  to  6 
,  has  been  baked  and  hardened  by  the  heat  of^the  lava  that  flowed 
•  it,  and  is  frequently  dark,  almost  black,  in  color.  At  the 
lediate  junction  the  clay  is  so  much  altered  that  it  is  difficult  in 

II  exposures  to  distinguish  it  from  the  overlying  basalt,  especially 
n  the  latter  is  somewhat  weathered  and  disintegrated.  Numerous 
ical  joints  in  the  altered  clay  also  increase  its  resemblance  to 
ous  rock.  This  hardened  surface  portion  of  the  stratum  of  clay, 
n  traced  downward,  changes  to  unaltered  clay,  which  in  some 
es  is  yellow,  light  colored,  and  sandy.  The  thickness  of  basalt 
/e  this  stratum  is  not  less  than  150  or  200  feet. 

bout  60  feet  below  the  clay  layer  just  described  there  is  a  second 
of  sedimentary  origin,  composed  of  light-colored,  unconsolidated 
ptz-sand  and  gravel,  containing  an  abundance  of  mica.  The 
:  intervening  between  these  two  sedimentary  layers  is  compact, 
k  basalt.  The  stratum  of  sand  and  gravel  referred  to  has  been 
aled  in  drilling  artesian  wells,  and  has  been  penetrated  to  the 
ih  of  a  few  feet,  but  its  thickness  is  unknown.  It  is  abundantly 
jr  bearing, 
le  upper  sedimentary  bed  at  Pullman  is  plainly  the  sediment  of  a 

that  existed  on  the  basaltic  plateau  during  an  interval  between 
)utpourings  of  lava.     The  layer  of  gravel  and  sand,  60  feet  below, 

the  nature  of  a  stream  deposit,  or  possibly  the  shore  formation 
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of  a  lake,  and  was  derived  mainly  from  the  disintegration  of  the  gra- 
nitic hills  bordering  the  basaltic  plateau  on  the  east.  The  distance 
from  Pullman  to  the  nearest  granitic  hills  to  the  eastward  that  rise 
above  the  present  surface  of  the  plateau  is  only  about  8  miles. 

In  drilling  a  well  at  Palouse,  12  miles  northeast  of  Pullman,  a 
water-bearing  stratum  of  sand  and  gravel  similar  to  that  beneath 
Pullman  was  reached  at  a  depth  of  about  100  feet  below  the  surface. 
Palouse  is,  by  aneroid  measurements,  100  feet  higher  than  Pullman, 
hence  the  water-bearing  beds  at  these  two  localities  are  not  the  same. 
The  gravels  and  sands  at  a  depth  of  100  feet  at  Palouse  may  repre- 
sent the  clay  layers  exposed  in  the  streets  of  Pullman. 

At  Garfield  a  drilled  well  was  put  down  to  a  depth  of  about  300 
feet,  but  so  far  as  I  can  learn  no  sedimentary  deposits  were  reached. 
Three  miles  northeast  of  Garfield,  however,  on  the  farm  of  James 
Walters,  a  drilled  well,  113  feet  deep,  passed  through  basalt  for  65 
feet  from  the  surface  and  entered  clay  14  to  15  feet  deep,  beneath 
which  water-bearing  sand  was  reached,  from  which  water  rose  and 
overflowed  at  the  surface. 

In  a  north-and-south  belt  of  country  in  general,  some  8  or  10  miles 
wide,  beginning  about  4  miles  south  of  Pullman  and  extending  to 
beyond  Rosalia,  there  are  reported  to  be  40  or  50  wells  that  x>enetrate 
water-bearing  strata  interbedded  with  the  sheets  of  basalt.  The 
records  of  these  wells  are  not  all  available,  and  in  general  the  level  of 
the  ground  at  the  surface  where  they  are  located  is  not  accurately 
known.  For  these  reasons  it  is  impracticable  at  this  time  to  construct 
a  section  of  the  rocks  of  the  region. 

A  mile  south  of  Palouse,  and  again  about  a  mile  west  of  Garfield, 
deposits  of  sandy  clay  and  of  pure  white  kaolin  have  been  opened. 
At  the  first-mentioned  locality  the  clays  are  used  for  making  fire  brick 
and  pottery.  These  deposits  are  evenly  stratified  and  e\idently  of 
lacustral  origin,  but  the  depth  of  soil  about  them  renders  it  uncertain 
whether  or  not  they  are  interbedded  with  basalt.  There  is  little  doubt, 
however,  that  they  represent  lake  deposits  that  were  covered  with 
basaltic  overflows,  and  that  they  were  revealed  at  a  later  period  by 
the  erosion  of  stream  channels.  These  deposits  are  similar  to  certain 
clays  in  Spokane,  described  later,  that  are  covered  with  thick  sheets 
of  basalt;  a  fact  which  lends  support  to  tlie  hypothesis  just  stated. 

The  conditions  described  in  a  general  way  as  existing  from  Pullman 
northward  to  Rosalia  are  probably  continued  northward  to  Spokane, 
but  this  tract  of  country  was  not  examined.  At  Spokane  I  spent  two 
days  in  making  a  hasty  study  of  the  exceedingly  interesting  geological 
features  there  well  displayed. 

Spokane. — Excavations  made  in  the  southern  part  of  the  city  of 
Spokane  have  revealed  important  beds  of  coarse  gravel  and  sandy  clay 
with  a  thick  sheet  of  Columbia  lava  above.  Similar  beds  of  basalt 
occur  beneath  the  sedimentary  layer,  as  is  shown  by  other  excava- 
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tions,  as  well  as  along  the  adjacent  portions  of  Spokane  River.  The 
most  instructive  of  the  excavations  referred  to  is  near  the  south  end 
of  Barnard  street,  now  graded,  where  an  electric-car  line  leaves  the 
street  and  curves  abruptly  eastward.  This  cut  is  in  general  about  20 
twtdeep  and  approximately  150  feet  long.  For  about  l-W  feet  from 
Bamard  street  thin-bedded  sandy  clays  with  much  mica  and  contain- 
ing fossil  leaves  are  exposed.  A  thickness  of  in  or  12  feet  of  this 
dejHjsit  is  in  sight,  but  ite  1>ott«m  is  nowhere  revealed. 

Resting  in  an  irregular  manner  on  the  micacwous  clays  are  coarse, 
linesmen  ted  gravels  and  water-worn  bowlders.  Above  the  gravel  lies 
thr  covering  of  basalt,  which,  as  shown  in  neighboring  cliffs,  is  not 
less  than  50  or  75  feet  thick.  An  interesting  feature  of  the  basal  por- 
tion of  the  covering  sheet  of  basalt  is  the  irregularity  of  its  lower  sur- 
face. The  bottom  of  the  basaltic  sheet  has  rounded,  smooth-surfaced 
protuberances  or  corrugations,  between  which  the  gravel  and  bowl- 
tiers,  together  with  detached  fragments  of  the  micaceous  clay,  fre- 
quently 12  to  16  inches  in  diameter,  extend  upward  for  8  or  10  feet. 
Fragments  of  the  micaceous  clay  in  contact  with  the  basalt  show  evi- 
den«8,  in  their  compactness  and  reddish  color,  of  the  effect  of  the 
Oftit  of  the  lava  which  came  in  contact  with  them, 

A  rough  sketch  of  the  exposure  described  above,  as  seen  in   the 
''orth  wall  of  the  cut,  Is  here  reproduced  fi-om  my  itote-liook: 


i:^V''''y-vl  Bjif^j>/f    m^^ACo/ifffomerafe  I ■AAf/>!/if:finu.ic/ay 

nn.  I.— Section  of  lava  flow  and  lake  beds  at  Spokano. 

The  surface  of  the  basalt  is  not  only  smooth,  but  when  broken  was 
found  to  be  exceedingly  d^se  and  hard.  The  rock  to  a  depth  of  about 
S  inches  has  a  vitreous  luster  and  is  almost  a  glas.s.  Evidently  this 
snrface  layer  was  cooled  quickly. 

The  explanation  of  the  peculiar  relation  of  the  basalt  to  the  gravel 
and  clays  beneath  it  seems  to  be  that  the  lava  in  a  molten  condition 
flowed  over  the  deposits  on  which  it  rests  in  a  direction  from  left  to 
right,  as  shown  in  the  above  section.  The  loose  deposits  were  dis- 
turbed and  forced  along  in  front  of  the  flowing  lava  until  the  resistance 
became  sufficient  to  check  its  progress,  and  at  the  same  time  the  lava 
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became  cool  and  rigid.  Still  liquid  lava  broke  out  from  the  fac^  of  the 
arrested  flow  and  advanced  beyond  the  previously  cooled  border,  over- 
flowed the  accumulation  of  stones  and  fragments  of  the  micaceous 
clay,  and  again  forced  up  a  ridge  of  the  loose  material.  This  process 
was  repeated  several  times  in  the  portion  of  the  flow  exposed,  and 
accounts  for  the  marked  inequalities  in  the  under  surface  of  the 
basaltic  sheet  and  the  manner  in  which  confused  masses  of  gravel  and 
detached  fragments  of  clay  extend  upward  into  the  basalt. 

The  explanation  just  suggested  is  in  harmony  with  the  manner  in 
which  lava  flows  are  known  to  advance.  In  describing  the  flow  of  lava 
streams  on  the  Island  of  Hawaii,  Dutton  says:' 

After  panning  some  miles  it  [the  molten  lava]  reaches  more  level  ground,  where 
it  spreads  ont  in  great  lakes  or  fields.  It  also  cools  on  the  snrface,  which  gradu- 
ally freezes  over.  But  it  is  still  hot  within,  and  beneath  its  hardened  covering  the 
liqnid  rivers  are  still  running,  and  at  the  edges  and  along  the  front  of  the  great 
sheet  the  liqnid  lava  constantly  breaks  forth,  pushing  out  fiery  rivulets  in  advance 
and  laterally. 

The  lava  that  covers  the  lake  beds  and  gravel  deposit  in  Spokane 
appears  to  have  advanced  into  a  shallow  lake,  the  bottom  of  whicli 
was  disturbed  and  forced  up  in  ridges..  The  contact  of  the  lava  with 
the  water  caused  it  to  congeal  rapidly  and  to  form  a  glassy  outei 
layer. 

Near  Spokane  there  are  deposits  of  kaolin,  similar  to  that  already 
mentioned  as  occurring  near  Palouse,  but  remarkably  fine  and  pure. 
I  have  not  visited  tlie  pits  from  whicli  this  material  is  obtained,  bul 
from  its  character  it  appears  to  belong  to  the  series  of  deposits  undei 
consideration. 

Deposits  of  volcanic  dust  and  lapUlL — On  a  previous  page  mention 
has  been  made  of  a  layer  of  pure- white  volcanic  dust  beneath  a  thick 
sheet  of  columnar  basalt  in  Snake  River  Canyon,  above  the  mouth  ol 
Alpowa  Creek.  This  deposit  owes  its  origin  to  a  violent  volcanic 
eruption,  the  location  of  which  is  unknown,  that  blew  great  quanti- 
ties of  exceedinglj^  fine  dust  high  in  the  air.  The  dust  was  carried 
by  the  wind  to  great  distances  and  spread  as  a  sheet  over  the  land. 
This  eruption  occurred  during  one  of  the  later  intervals  in  the  out- 
pouring of  the  Columbia  lava  and  the  deposit  was  buried  by  the  next 
succeeding  lava  overflow.  The  stratigraphic  relation  of  this  bed  of 
volcanic  dust  to  the  overflow  of  Columbia  lava  is  similar  to  that  of  the 
interbedded  lacustral  clays  and  stream-deposited  sand. 

In  excavating  for  an  irrigating  canal  on  the  side  of  Snake  Rivei 
Canyon  at  Pigeon  Rock,  below  Asotin,  a  bed  of  coarse,  yello^vi8h, 
fragmental  volcanic  material  over  10  feet  in  thickness  was  exposed. 
This  deposit  has  compact  lava  sheets  above  and  below,  and  owes  its 
origin  to  the  deposition  of  fragments  of  volcanic  rock,  frequently  2 

1 C.  E.  Dutton,  The  Hawaiian  Islands  and  People;  a  lecture  delivered  at  the  United  Statec 
National  Mnaeum,  1884,  p.  la 
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inches  in  diameter,  which  were  blown  out  by  a  volcano,  or  perhaps 
formed  by  molten  lava  coming  in  contact  with  water.  The  fragments 
composing  this  lapilli  sheet  are  of  the  same  character  as  the  dense,  vit- 
reous layers  already  described  as  forming  the  under  surface  of  a  lava 
sheet  at  SxK)kane.  These  lapilli  deposits,  unlike  the  sheet  of  white 
volcanic  dust  mentioned  above,  belong  to  the  eruptions  that  poured 
out  the  Columbia  lava,  and  are  not,  therefore,  of  distant  origin. 

Resum/. — Interleaved  with  the  sheets  of  basalt  forming  the  series 

named  the  Columbia  lava,  there  are,  as  just  shown,  sheets  of  lacustral 

clfty  and  of  stream-borne  gravel  and  sand,  and  layers  of  volcanic  dust 

and  of  volcanic  fragments  termed  lapilli.     The  lake  beds  appear  to 

occur  mostly  near  the  border  of  the  lava-covered  country,  for  the 

reason  that,  in  eastern  Washington  at  least,  the  lava  sheets  flowed 

toward  the  mountains,  and  on  congealing  dammed  their  draining 

streams.     The  surface  of  the  cooled  and  hardened  lava  flows  must 

liave  had  a  slight  slope  in  the  direction  of  flow.    The  supposed  absence 

of  lake  beds  over  the  more  central  i)ortions  of  the  lava  may  be  due  to 

a  lack  of  information,  but  seems  to  be  a  necessary  result  of  the  manner 

in  which  the  lava  sheets  encroached  on  the  mountains  and  blocked 

their  draining  streams.     Shallow  lakes  were  probably  formed  on  the 

surfaces  of  the  cooled  lava  sheets  far  from  the  mountains,  but  being 

^t   a  distance  from  highlands  that  could  furnish  debris,  they  would 

^ot  be  deeply 'filled,  and  records  of  their  existence  would  not  be 

conspicuous. 

The  layers  of  volcanic  dust,  from  the  nature  of  their  origin,  should 
widely  spread,  but  up  to  the  present  time  they  have  been  observed 
*^  but  few  localities.  Sheets  of  lapilli  have  been  noted  in  the  Big 
^^nd  country  and  near  Asotin,  but  whether  they  are  extensive  or  not 
^^^ains  to  be  determined.  These  various  deposits  found  between  the 
l^-^ersof  Columbia  lava  at  different  horizons  not  only  record  interest- 
*^^^  episodes  in  the  history  of  the  basaltic  inundations,  but,  as  will  be 
*^own  later,  have  a  direct  and  important  bearing  on  the  question  of 
^^tesian  water  supply. 

JOHN  DAY  SYSTEM. 

In  m^  rei)ort  of  a  reconnoissance  in  central  Washington,  already 
^^8ted,  certain  lacustral  deposits  are  described  which  rest  on  the  sur- 
^•^ce  of  the  latest  extensive  lava  flow  of  the  Columbia  system.     This 
^^ries  of  lake  sediments  consists  principally  of  stratified  clays,  with 
^hick  strata  of  white  volcanic  dust,  and  in  certain  localities  contains 
\)eds  of  coarse  conglomerate.     It  is  termed  the  John  Day  system,  for 
t:he  reason  that  it  is  thought  to  be  an  extension  of  a  similar  formation 
>vhich  occurs  in  John  Day  Valley,  Oregon.     The  connection  between 
these  two  areas  has  not  been  actually  traced,  however,  and  the  corre- 
lation just  suggested  must  be  considered  as  provisional. 

Beds  of  light-colored  clay  and  of  white  volcanic  dust,  which  have 
been  referred  to  the  John  Day  system,  occur  at  the  White  Bluffs 
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of  the  Columbia,  30  miles  above  Pasco,  and  are  also  well  exposed  in 
Naches  Valley  and  near  EUensburg,  in  Yakima  County.    At  tliese 
localities  the  impressions  of  the  leaves  of  a  large  variety  of  pl&nte 
and  the  bones  of  extinct  animals  have  been  obtained.     The  pl^nt 
remains  indicate  that  the  shores  of  the  ancient  lake  into  which  ttiey 
were  blown  or  washed  by  tributary  streams  were  clothed  in  a  varied 
and  beautiful  flora,  resembling,  in  a  general  way  at  least,  the  vege- 
tation of  the  South  Atlantic  and  Gulf  States  at  the  present  day.     In 
the  ancient  forest  and  about  the  shores  of  the  old  lake,  now  known 
as  Lake  John  Day,  a  veritable  menagerie  of  strange  and  in  part 
gigantic  beasts  found  a  congenial  home. 

From  the  White  Bluffs  of  the  Columbia  southward  to  the  region 
described  in  this  report  there  are  no  barriers,  but  the  surface  of  the 
country  rises  gradually  from  the  broad  valley  of  the  Columbia  to  the 
basaltic  plateau  of  northeastern  Washington.     From  studies  made 
along  the  Columbia  in  1892, 1  was  led  to  the  conclusion  that  Lake 
John  Day  extended  far  eastward  and  covered  nearly  all  of  southeaiSt- 
ern  Washington,  even  to  the  base  of  the  Blue  Mountains.     This  He^ 
is  now  known  to  have  been  in  part  erroneous.     The  sediments  ^' 
Lake  John  Day  are  but  i)oorly  exposed  to  the  east  of  Pasco  jvi^^ 
Wallula,  and  their  extent  in  that  direction,  although  not  ele**"*^^ 
shown,  is  certainly  far  short  of  the  Blue  Mountains  and  of  the  Id^^l^^ 
boundary.     They  cover  the  Eureka  flats,  however,  as  is  shown  1>>^  * 
well  198  feet  deep  at  Eureka  Junction,  which  is  all  in  strata  sirail^^'^ 
to  those  exposed  in  the  White  Bluffs  of  the  Columbia,  but  does  x^^ 
reach  the  bottom  of  the  formation.     Fossil  leaves  were  found  in  t  "^^ 


rock  removed  in  digging  the  well  similar  to  those  obtained  from  ot. 
portions  of  the  John  Day  system.     With  the  exception  of  the  ro^^  •^ 
found  at  Eureka  Junction,  no  exi)osures  of  the  Lake  John  Day  »^^^' 
tem  have  been  recognized  in  the  region  treated  in  this  rei)ort.    X^  ^ 
sediment  of  the  old  lake  does  not  occur  above  the  Columbia  lavtM 
the  vicinity  of  Walla  Walla,  Dayton,  and  Starbuck,  and  its  east^^  * 
shore  must  have  been  to  the  west  of  these  localities. 

The  lacustral  deposits  described  in  the  preceding  section  as  l>e 
interbedded  with  the  Columbia  lava  are  of  about  the  same  age  as 
John  Day  system  and  were  accumulated  under  similar  conditio 
They  should  perhaps  be  included  in  the  same  system,  but  furt 
study  is  necessary  before  a  conclusion  in  this  connection  can 
reached. 

RIVER  TERRACES. 


In  describing  the  canyons  of  Snake,  Spokane,  and  other  rivers  i 
preceding  section  mention  was  made  of  gravel  terraces  which  occ^ 
in  them.  Little  remains  to  be  said  in  reference  to  these  terrao^^^ 
except  to  indicate  their  place  in  the  geological  history  of  the  regi-  ^^ 
where  they  occur.  That  they  are  younger  than  the  Columbia  Is^  "^^. 
and  the  lake  beds,  either  interleaved  with  them  or  resting  on  t^  -=^^ 
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surface,  is  shown  by  the  fact  that  they  occur  in  canyons  that  have 
been  excavated  in  these  formations.     The  canyon  of  Snake  River,  for 
example,  was  cut  to  its  present  depth  before  the  gravels  forming  the 
great  banks  which  occur  at  certain  localities  within  it  were  deposited. 
The  canyon  was  filled  in  with  gravel  from  side  to  side  to  the  depth 
of  360  feet  and  then  reexcavated.     Since  the  river  cut  through  this 
gravel  deposit,  removing  by  far  the  greater  portion  of  it,  but  little  if 
any  progress  has  been  made  in  deepening  its  bed  in  the  solid  rock 
below.    Evidently  the  gravel  deposit  belongs  to  a  comparatively  mod- 
em episode  in  the  history  of  the  great  gorge.     Several  considerations 
lead  to  the  conclusion  that  the  canyon  was,  excavated  to  its  present 
depth  in  late  Tertiary  times,  and  was  filled  in  with  gravel  during  the 
Glacial  period.     If  this  inference  is  correct,  the  amount  of  excavation 
done  since  the  Glacial  period  is  trifling  in  comparison  with  the  work 
performed  by  the  river  previous  to  that  period. 

SOILS. 
ORIGIN    OF  SOILS. 

Soils  in  general  consist  of  more  or  less  thoroughly  disintegrated  and 
•decomposed  rock.  The  surface  layer  usually  contains  organic  matter 
^^rined  humus,  derived  from  the  partial  decay  or  chemical  alteration 
^f  organic  matter,  principally  of  vegetable  origin. 

In  many  regions  the  breaking  down  of  the  rock  supplies  more 
Material  for  soil  making  than  is  removed  by  streams  or  blown  away 
^y  the  wind.  Again,  denudation  may  keep  pace  with  disintegration 
^Ud  decay  and  all  of  the  loosened  soil  material  be  removed,  so  as  to 
*©ave  bare  rock  surfaces.  Much  of  the  soil  material  removed  from 
^ne  area  is  redeposited  in  another  area,  and  hence  it  is  convenient  to 
I'eiiognize  two  kinds  of  soils,  classified  in  reference  to  whether  they 
hnve  been  removed  from  their  place  of  origin  or  not.  These  two 
general  classes  are  residual  soils  and  trarisported  soils.  Under  each 
^^  these  divisions  many  minor  subdivisions,  dependent  on  chemical 
or  mechanical  composition,  have  been  recognized. 

The  residual  soils  are  such  as  originate  from  the  disintegration  and 
^ecayof  the  rocks  on  which  they  rest.  They  are  the  residue  left 
*fter  a  long  process  of  weathering  and  leaching  by  percolating Vater, 
^hich  has  removed  most  of  the  more  easily  soluble  constituents. 
Some  movements  in  the  soil  cap  probably  always  attend  this  change, 
^^t  the  residue  remains  practically  on  the  area  where  it  was  formed. 
I^  recognition  of  this  fact  the  term  "  sedentary  soil "  is  sometimes  used 
^tead  of  the  one  here  employed. 

The  transported  soils  consist  of  the  products  of  rock  disintegration 
*^d  decay  and  of  rock  abrasion,  which  have  been  removed  from  the 
*J^  where  they  were  produced,  usually  through  the  agencies  of 
streams,  glaciers,  or  the  winds,  and  redeposited.    A  familiar  example 
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of  soils  of  this  class  is  furnished  by  the  silts,  sands,  and  clayn  f c 
ing  the  flood  plains  of  streams. 

In  the  region  represented  on  the  accompanying  map  not  oul> 
both  transported  and  residual  soils  abundantly  represented,  but 
eral  varieties  of  each,  dependent  on  mechanical  and  chemical  di 
ences,  may  be  easily  recognized. 

SOILS  OP  THE  VALLEYS  AND  CANYONS. 

The  soils  in  the  valley  bottoms  in  southeastern  Washington,  n 
especially  in  the  smaller  valleys  and  along  the  borders  of  the  sma 
streams,  although  belonging  strictly  to  the  transported  soils,  are 
quently  of  the  same  character  as  the  soils  of  the  adjacent  uplan 
or  plateau  surface,  and  have  been  removed  but  short  distances  fr 
their  place  of  origin. 

The  bottom  lands  adjacent  to  Walla  Walla  River  and  the  sand  U 
in  Snake  River  CanyOn,  in  the  valley  of  Spokane  River  and  el 
where,  ai-e  typical  examples  of  transported  soil.  The  mineral  a 
rock  fragments  composing  these  soils  are,  in  general,  more  varied 
character  than  the  grains  in  the  residual  soils,  and  have  been  broiij 
to  the  localities  where  we  now  find  them  by  stream  transportation 

About  Wallula  and  Pasco  the  country  is  covered  over  large  ar 
with  sand  and  dust.     The  surface  coverings  of  this  desert-like  reg 
represent  another  variety  of  transported  soils,  in  which  wind  is 
transporting  agency. 

The  transported  soils  in  the  region  under  discussion  may  be  eai 
recognized,  particularly  on  account  of  their  topographic  relations  i 
the  heterogeneity  of  the  rock  fragments  contained  in  them,  and  n 
not  be  considered  further  at  this  time. 

SOIL  OF  THE   WHEAT  LANDS. 

The  deep,  rich  soil  covering  the  broad  basaltic  plateau  of  son 
eastern  Washington  and  extending  widely  into  Oregon  and  south w< 
ern  Idaho  is  a  residual  soil  formed  by  the  disintegration  and  de< 
of  the  lava  rocks  on  which  it  rests.  This  is  the  justly  celebra 
soil  of  the  wheat  lands. 

To  the  residual  material  left  by  the  breaking  down  and  par 
solution  of  the  lava  have  been  added  minor  quantities  of  terresti 
and  volcanic  matter;  and  cosmic  dust,  or  the  particles  derived  fr 
meteors  which  come  to  the  earth  from  space,  should  also  be  mentioi 
in  this  connection. 

The  plateau  is  covered  nearly  everywhere  with  a  rich  soil  thai 
unusually  fine  and  porous  and  free  from  stones  and  obstructions 
every  kind.  To  the  plow  it  offers  scarcely  more  resistance  than 
much  meal.  The  surfaces  of  plowed  fields  are  of  a  dark-bro> 
almost  black  color,  due  to  organic  matter  or  humus.  This  humuj; 
in  part  an  inheritance  from  the  centuries  during  which  the  roll 
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nplands  were  covered  with  bunch  grass,  and  in  part  has  been  derived 
from  the  decay  of  the  stubble  of  wheat  fields.  At  a  depth  usually  of 
5  to  8  feet  below  the  surface  the  dark  color  fades  away  and  the  sub- 
soil, equally  fine  and  homogeneous,  and  having  the  same  mineral 
composition,  but  of  a  light  and  usually  a  yellowish  color,  is  revealed. 
The  subsoil  varies  in  depth  with  the  relief  of  the  surface  and  with 
the  topography  of  the  underlying  hard-rock  surface,  but  is  nearly 
always  deep.  Systematic  measurements  are  wanting,  but  judging 
from  the  thickness  of  superficial  material  revealed  in  wells,  railroad 
cuts,  and  other  excavations,  the  subsoil  has  an  average  depth  of 
between  50  and  80  feet.  Many  natural  and  artificial  sections  that 
were  examined  revealed  a  depth  of  40  to  50  feet,  usually  without 
exposing  the  underlying  rock. 

In  all  sections  of  the  subsoil  it  appears  as  a  fine,  homogeneous, 
unstratified  formation,  having  a  uniform  light-yellow  color. ^     There 
are  frequently  indications  of  vertical  joints,  or  narrow  dividing  planes, 
but  whether  these  have  developed  in  the  soil,  op  are  possibly  an  inher- 
itance from  the  basalt  from  which  it  was  derived,  is  an  open  question. 
Traversing  the  subsoil  from  top  to  bottom  are  innumerable  minute 
and  almost  capillary  tubes.     These  ai*e,  in  a  general  way,  vertical, 
but  they  are  curved  and  otherwise  irregular.     A  single  tube  can  sel- 
dom be  traced  for  more  than  3  or  4  inches,  and  their  extremities  are 
seldom  discoverable,  but  scarcely  a  cubic  inch  of  the  subsoil  is  with- 
out a  number  of  them.     In  the  humus  layer,  however,  they  are  absent. 
Geologists  will,  I  think,  at  once  recognize,  from  the  above  descrip- 
tion, the  close  similarity  of  this  deep  subsoil  to  loess  deposits.     This 
resemblance  includes  the  color,  the  dust-like  fineness  of  the  material, 
the  absence  of  stratification,  and  the  presence  of  minut-e  and  nearly 

1 A  characteristic  sample  of  the  soil  of  the  wheat  lands  has  been  submitted  to  a  mechanical 
analysis  made  by  Milton  Whitney,  chief  of  the  division  of  soils  in  the  United  States  Department 
of  Asricnlture,  with  the  following  results: 

Mechanical  analysis  of  soil  from  near  Pullman^  Washington. 


Diameter 
(in  millimeters). 

Conventional 
name. 

Per  ct. 
0.00 

2         to  1 

Fine  gravel 

1         to     .5 

Coarse  sand 

0.04 

.6      to     .25 

Medium  sand 

0.16 

.25    to     .1 

Pine  sand 

1.31 

.1      to     .06 

Very  fine  sand . . . 

53.72 

.05    to     .01 
.01     to     .005 

.005  to     .0001 

TotcU  minercU  m 
LossatllOoC  .. 
Loss  on  ignition 

Total 

Silt  

26.29 
2.»7 
8.58 

Fine  silt 

Clay 

after 

03.07 
2.45 
5.90 

1.... ...... .......... 

100.72 
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vertical  tubes.    These  features  also  characterize  the  adobe  deposits 
arid  rejrions.^ 

The  close  similarity  between  the  soils  of  the  basaltic  plateau  sti 
the  loess  of  China,  which  is  supposed  by  many  to  consist  of  win 
deposited  dust,  has  led  some  careful  observers  to  conclude  that  tl 
soil  of  eastern  Washington  is  really  a  deposit  of  dust  that  has  l>e€ 
drifted  from  a  distance  by  the  prevailing  winds.  The  minute  tuh^ 
referred  to  are  considered  under  this  explanation  to  be  due  to  tl 
rootlets  or  stems  of  grasses  about  which  the  dust  was  deposited,  tti 
plants  continuing  to  grow  as  the  dust  accumulated.  There  are  se^ 
eral  objections  to  this  hypothesis,  however,  as  will  be  shown  belov 

In  numerous  sections  the  surface  of  the  basalt  beneath  the  subso 
has  been  examined  and  always  found  to  be  deepl}^  decayed.  A  gra<: 
ual  change  can  be  traced  from  hard,  black  basalt,  which  reveals  n 
signs  of  weathering,  upward  through  yellow  and  partially  disint^ 
grated  portions  of  the  same  layer,  to  rock  fragments  that  are  soft  an 
much  decayed,  and  from  this,  again,  to  fine  soil  containing  recogni: 
able  rock  fragments,  and  finally  to  the  exceedingly  fine  porous  sul 
soil.  Scores  of  localities  where  this  gradual  change  is  exhibited  hav 
been  examined,  and  the  number  might  easily  be  increased  to  hundredLs 

Chemical  analyses  of  a  large  number  of  soils  from  various  localitic 
in  Washington  and  Idaho,  including  samples  from  the  basaltic  plateai 
have  been  made  by  the  chemists  of  the  agricultural  experiment  sti 
tions  at  P^illman  and  Moscow.*  These  analyses  show  that  the  chen 
ical  composition  of  the  soil  on  the  basaltic  plateau  is  such  as  might  1 
expected  to  result  from  the  weathering  of  the  solid  rocks  beneath. 

The  disintegration  of  rocks  is  usually  accomplished  in  part  by  chang 
of  temperature  and  by  the  expansion  of  water  held  in  crevices  a^ 
absorbed  by  pores  and  capillary  passages,  on  freezing,  and  in  part  1 
the  solvent  action  of  percolating  waters  and,  as  recently  determin^ 
by  G.  P.  Merrill,  the  expansion  of  minerals  in  changing  to  a  hydrat> 
condition.  Changes  of  temperature  which  cause  the  minerals  co 
X)osing  a  rock  to  expand  and  contract  unequally  and  the  freezing" 
absorbed  water  are  important  agencies  tending  to  fracture  roC 
which  are  exposed  to  the  air  or  but  thinly  covered  with  soil.  A  de% 
of  a  few  feet  of  soil,  however,  checks  this  action,  so  that  the  d^ 
decay  so  frequently  to  be  observed  can  be  safely  ascribed  to  the  che 
ical  action  of  percolating  water.  The  process  is  hastened  by  ti 
presence  in  the  water  of  organic  acids,  derived  principally  from  t^ 
humus  of  the  surface  soil.  The  disintegration  and  decay  of  roc 
that  are  sheltered  from  changes  of  temperature  is  brought  about  to 

*  I.  C.  Boasell,  Subaerial  deposits  of  the  arid  ref?ion  of  the  United  States:  Oeol.  Mag.  (LondoiZ 
Vol.  VI,  1889,  pp.  280-296,  342-860. 

'Washington  State  Agricultural  College  and  School  of  Science,  Experiment  Station,  Pullmai 
Washington,  Bulletin  13,  1894,  b^  Elton  Fulmer  and  C.  C  Fletcher.  University  of  Idaho  Agr 
cultural  Experiment  Station,  Bulletin  9, 1894,  by  C.  W.  McOurdy. 
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considerable  extent  by  the  removal  of  some  of  their  constituents  in 
solution.  This  process  allows  the  grains  and  crystals  which  remain 
unaltered  or  are  but  moderately  changed  to  fall  apart.  We  should 
expect,  tiierefore,  that  residual  soils  would  contain  less  of  soluble 
constituents  than  the  parent  rock,  and  consequently  a  higher  per- 
centage of  the  more  insoluble  constituents. 

Samples  of  the  basalt  and  of  the  subsoil  and  soil  resting  on  it  were 
collected  by  the  writer  and  submitted  to  Greorge  P.  Merrill,  curator 
of  the  department  of  geology  in  the  United  States  National  Museum, 
for  special  study.  Chemical  analyses  of  three  of  the  samples  are 
presented  below.  The  analysis  of  basalt  is  of  a  fresh  and  unaltered 
sample,  being  in  fact  a  part  of  the  specimen  of  which  the  mineral- 
ogical  constituents  are  given  on  page  44;  the  subsoil  is  from  a  depth 
of  30  feet  in  a  railroad  cut  near  Dayton;  the  surface  soil  was  taken 
from  a  depth  of  about  2  feet  in  a  wheat  field  near  the  same  locality. 


AiicUyaes  of  basalt,  soil,  and  subsoil  from  near  Dayton, 

[Analyst,  Oeorge  P.  Merrill.] 


Constituents. 


SUica,  SiO, 

Alumina,    Al^O, 

Iron  oxide,  Fe,0, 

Lime ,  CaO 

Magnesia,  MgO 

Potash,  K,0 

Soda,  NasO 

Loss  on  ignition  (principally  organic  matter) 


Basalt. 


47.85 

34.38 

8.27 
4.43 
1.83 
2.55 
0.95 


99.26 


Surface 
soil. 


63.58 

22.36 

2.76 
1.82 
2.27 
2.02 
4.37 


99.18 


Subsoil. 


65.89 

22.19 

2.36 
1.85 
2.36 
2.08 
2.60 


99.33 


Merrill  states: 

All  of  the  material  analyzed  was  first  dried  at  100**  C.  The  analyses  are  not  as 
detailed  as  I  would  like  to  make  them,  bnt  are  all  that  the  limited  time  permits. 
Perhaps  the  most  striking  fact  in  the  analyses  is  the  similarity  in  composition 
between  the  sorf ace  soil  and  that  from  a  depth  of  30  feet ;  almost  the  only  essen- 
tial difference  being,  apparently,  the  larger  percentage  of  volatile  matter  of  the 
surface  soil.  Not  having  as  yet  separated  the  iron  and  alumina,  I  am  unable  to 
account  for  the  apparent  loss  of^these  constituents  shown.  From  previous  analy- 
ses I  am  led  to  suspect  that  the  iron  oxides  have  been  very  largely  removed.  I 
am  unable  as  yet  to  account  for  the  apparent  increase  in  potash  in  the  decomposed 
materials.  It  is  possible,  though  hardly  probable,  that  this  is  due  to  errors  in 
analysis. 

In  reference  to  the  apparent  increase  in  potash  in  the  decomposed 
material,  I  wish  to  state  that  there  is  no  reason  for  supposing  that 
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alkaline  or  other  fertilizers  have  ever  been  applied.  Possibly  the  stixl)- 
ble  of  the  wheat  fields  may  have  been  burned,  but  this  would  only 
return  to  the  surface  soil  a  part  of  the  mineral  constituents  derir^^ 
from  it  in  the  growth  of  the  grain. 

The  close  similarity  between  the  composition  of  the  subsoils,  gir^» 
above,  and  of  the  rock  beneath  it,  is  striking.     All  of  the  constitueci-ts 
of  the  rock  except  the  silica  and  alumina  are  classed  among  the  more 
soluble  of  the  substances  present  in  the  earth's  crust.     The  readiness 
with  which  they  may  be  removed  from  rock  by  the  process  of  solutLoxi 
is  influenced,  of  course,  by  the  manner  in  which  they  are  combin^^<^, 
but  the  study  of  the  products  of  rock  decay  has  shown  that  lime,  p<z>^- 
ash,  magnesia,  soda,  etc.,  are  much  more  readily  removed  than  8ili<*^ 
and  alumina.     The  analyses  given  above  indicate  no  departure 
this  rule  except  in  the  case  of  the  potash.     The  soil  analyses  8k< 
that  there  has  been  a  loss  in  all  of  the  constituents  of  the  origiKZft.^ 
rock  except  silica,  alumina  (?),  and  potash.     The  increase  in  the  i>^?*t- 
centage  of  potash,  as  remarked  above,  is  surprising,  and  as  yet  UDL-sm^- 
counted  for.     Organic  matter  and  water  have  been  added.     The  f  or- 
mei*  may  reasonably  be  supposed  to  have  been  derived  from  hum.  t:m  s, 
while  the  latter  indicates  that  some  of  the  minerals  have  taken     "up 
water  and  changed  to  what  is  termed  a  hydrated  condition.     If   ^vre 
omit  these  added  constituents  and  recalculate  the  analysis,  it  Aviii 
appear  that  the  percentage  of  silica  in  the  soil  is  67  per  cent,  a  decided 
increase  over  the  similar  constituent  in  the  rock,  and  that  each  of  tie 
other  constituents  is  proportionately  increased. 

Several  analyses  of  soils  fi'om  the  basaltic  plateau,  given  in  the  biii- 
letins  of  the  agricultural  experiment  stations  mentioned  above,  show 
that  the  one  just  quoted  is  typical  and  represents  about  the  avera^ 
composition  of  the  soils  of  the  wheat  lands.     The  analysis  of  basd^t 
also  is  of  a  normal  sample  of  that  rock. 

The  results  of  a  chemical  study  of  the  soils  and  of  the  basalt  ar^ 
then,  in  harmony  with  what  is  revealed  on  comparing  the  mineralogies^ 
composition  of  the  basalt  with  that  of  the  soils,  and  sustain  the  cof^' 
elusion  that  the  soil  has  been  derived  from  the  rock  which  it  overli^^» 
and  also  that  the  disintegration  is  due,  in  part  at  least,  to  the  soluticr^ 
of  the  more  soluble  constituents  of  the  parent  rock.     The  loss  iu  bul 
due  to  the  removal  of  portions  of  the  more  soluble  constituents,  is  com 
teracted  to  a  considerable  extent,  however,  by  the  hydration  of  soir:^ 
of  the  minerals  and  by  the  addition  of  organic  matter.     This  is  m^ 
interesting  fact,  as  it  indicates  that  there'has  been  at  most  but  a  dk 
erate  lowering  of  the  surface  of  the  plateau  by  the  removal  of  matt^ 
in  solution.     Indeed,  as  the  soil  is  far  more  open  and  porous  than  tl»^ 
parent  rock,  there  has  been  a  tendency  toward  an  actual  increase  i^ 
the  elevation  of  the  surface  of  the  plateau.     How  much  this  rise  (^^ 
the  surface  level  has  been  counteracted  by  stream  and  wind  erosiof^ 
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ins  to  be  determined.  The  fact  that  water  percolating  through 
jads  to  the  removal  in  solution  of  some  of  its  constituents  is  well 
n,  and  has  been  fully  recognized  in  the  case  of  the  soils  of  Wash- 
n  by  Professors  Fulmer  and  Flet<5her,  of  the  Washington  State 
iultural  College,  as  is  shown  in  the  following  quotation :  ^ 

ills  of  a  large  ntimber  of  analyses  have  shown  almost  coDclnsively  that 
1  a  reigon  of  abundant  rainfall  contain  less  lime  than  soils  in  arid  regions; 
ling,  of  course,  that  neither  are  underlaid  by  or  in  the  vicinity  of  limestone 
tions.  [It  will  be  shown  below  that  this  exception  need  not  necessarily  be 
I  This  fact  is  well  verified  In  the  case  of  our  soils  east  and  west  of  the 
le  Mountains,  the  average  lime  constituent  of  the  former  being  three  times 
I  the  latter.  This  is  specially  significant  in  view  of  the  fact  that  nearly  all 
Is  of  eastern  Washington  are  derived  from  black  basaltic  rock. 
h  the  samples  analyzed  so  far,  it  seems  almost  as  if  the  lime  percentages 
rersely  proportioned  to  the  amount  of  annual  rainfall, 
example,  we  find  the  following  relations: 

srcentages.  Annnal  rainfall. 

J127 

^90S About  8  inches. 

?580 
)814 

^^l 20  to  22  inches. 

)300J 

700^  ' 24  inches. 

3625r 

4315> 48  inches. 

1303 

J^} 76  inches. 

ill  be  interesting  to  note  whether  future  analyses  will  reveal  this  same  rela- 
stween  the  rainfall  and  the  lime  content  of  our  soils. 

3  origin  of  soils  from  the  disintegration  and  chemical  change  of 
is  well  known,  and  there  is  nothing  novel,  so  far  as  general 
iples  are  concerned,  in  the  interesting  statements  just  quoted 
Terence  to  the  relation  of  the  chemical  composition  of  soils  to 
tic  conditions.* 

3  of  the  most  remarkable  instances  of  the  decrease  in  the  sohible 
ituents  of  a  rock  when  it  passes  into  soil,  given  in  the  papers 
eferred  to,  occurs  in  the  limestone  region  of  the  western  part  of 
Qia,  which,  as  is  known  to  me  from  personal  observation,  is  rep- 
bative  of  a  vast  area  in  the  South  Atlantic  States.  The  limestone 
'ed  to  in  general  yields  on  decomposing  about  1  per  cent  of  insol- 


hington  State  Agricultural  CoUege  aad  School  of  Science,  Experiment  Station,  Bulletin 
SMO. 

processes  of  rock  disintegration  and  decay,  the  formation  of  soils,  their  variation  nnder 
climatic  conditions,  etc,  have  been  discussed  by  the  present  writer  in  Bulletin  No.  62  of 
ted  States  Geological  Survey.  A  highly  instructive  analysis  of  the  same  phenomena, 
rge  P.  Merrill,  of  the  United  States  National  Museum,  may  be  found  in  volume  4  of  the 
I  of  Geology,  published  at  the  University  of  Chicago.  References  to  many  other  papers 
ame  subject  are  given  in  these  essays.  See,  also,  A  Treatise  on  Bocks,  Bock-weathering, 
Is,  by  Gteorge  P.  Merrill,  The  Macmillan  Company,  1S97. 
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uble  residue  which  is  available  for  making  soil.    Analyses  illufi 
ing  this  are  here  inserted:^ 

Analyais  of  Trenton  limestone  and  of  the  reMdue  left  by  its  decay, 

•  [Analjrst,  R.  B.  Biggs.] 


Constituents. 

Unaltered  limestone. 

BesiduAl  clay. 

Silica,  SiO, 

0.44 

I               0.42 

54.77 
Trace  

43.07 

j         25. 07 

1         15.16 

0.63 

0.03 

2.50 

1.20 

0.00 

12.98 

AlnmiTift,  Al.O, 

Iron  oxide,  Pe-O, 

Lime,  CaO 

Masiiesia,  MeO    

Potash.  K,0 

Not  determined  . . . 
Not  determined  . . . 
42.72 
1.08 

Soda,  Na,0 

Carbonic  acid,  CO, 

Water,  H.O 

Total 

99.48 

100.64 

The  residual  soil  left  by  the  nearly  complete  solution  of  limes 
at  the  locality  from  which  the  sample  analyzed  was  taken  is  a  1 
cious  reddish  clay,  and  is  so  poor  in  lime  that  calcined  limesto 
found  to  be  a  desirable  fertilizer. 

The  change  from  basalt  to  residual  soil  on  the  surface  of  the  j 
plateau  of  southeastern  Washington  is  accompanied  by  less  chani 
chemical  composition  than  in  the  case  cited  of  the  formation  of 
from  the  weathering  of  limestone,  for  the  reason  that  so  large  a 
portion  of  the  basalt  is  composed  of  silica. 

It  seems,  therefore,  both  from  a  comparison  of  the  mineralo 
character  of  the  fragments  composing  the  soil  with  the  nature  o 
minerals  composing  the  basalt,  and  from  a  study  of  the  chemical 
position  of  the  unaltered  rock  and  of  the  soil,  that  the  subsoil  i 
result  of  the  disintegration  and  decay  of  the  country  rock.  The 
face  soil  is  of  the  same  character  as  the  subsoil,  except  that  or| 
and  atmospheric  matter  and  volcanic  and  probably  cosmic  dust 
been  added. 

An  unexplained  fact  under  this  hypothesis  is  the  presence  ii 
subsoil  of  the  minute  and  nearly  vertical  tubes  previously  descr 

TOPOGRAPHY  OF  THE  WHEAT  LANDS. 

The  widely  different  ideas  of  the  topography  of  southeastern  \^ 
ington  that  one  might  obtain  from  traveling  through  the  canyom 
from  a  journey  over  the  plateau  surface  have  already  been  ref< 
to.     It  is  to  the  peculiar  topography  of  much  of  the  surface  o: 


1  Bull.  U.  S.  Oeol.  Sorvey  No.  52, 1889,  p.  24. 


LL.1  GEOLOGICAL  FORMATIONS.  65 

eau  where  practically  unaffected  by  the  deep  dissection  accom- 
led  by  the  larger  streams  that  attention  is  here  directed, 
lie  surface  of  the  plateau  in  some  i*egions  is  nearly  as  level  and 
ureless  as  the  prairies  of  Illinois,  while  in  other  portions  it  is 
jrsified  by  hills  and  valleys,  and  in  its  native  state,  when  covered 
i  bunch  grass,  was  a  rolling  prairie.  South  of  Snake  River,  espe- 
Ly  on  the  jwrtions  of  the  plateau  which  remain  between  the  various 
:iches  of  Touchet,  Alpowa,  and  Asotin  creeks,  the  flat  plateau- 
irie  lands  are  well  displaj'ed.  North  of  Snake  River,  in  the  Palouse 
ntry,  the  rolling  or  hilly  prairie  predominates  over  extensive 
ons. 

liere  is  a  certain  relation  between  the  smoothness  or  roughness  of 
surface  of  the  plateau  and  the  arrangement  of  the  streams,  but  I 
T)t  if  this  is  the  sole  reason  for  the  contrast  between  the  smooth 
races  of  the  fragments  of  the  plateau  between  the  deep  canyons 
bh  of  Snake  River  and  that  of  the  hill  plains  to  the  north.  Where 
streams  flow  across  the  plateau  they  have  excavated  deep  canyons, 
h  comparatively  few  lateral  branches.  The  rain  falling  on  the 
p  soil  of  the  plateau  is  absorbed  and  percolated  away.  It  is  thus 
bed  of  it«  i)ower  to  erode.  Under  these  conditions  surface  chan- 
5,  like  those  so  common  in  many  regions  having  a  clayey  soil,  are 
formed.  At  a  distance  from  master  streams,  where  the  subdrain- 
was  less  perfect,  the  soil  seems  to  have  become  saturated,  and 
3  and  rivulets  appeared  on  the  surface  and  flowed  to  brooks,  and 
se  to  larger  streams.  The  soil  in  such  regions  has  been  carved 
D  hills  and  ridges,  with  hollows  and  shallow  valleys  between.  The 
s  and  valleys  of  the  rolling  prairie  region,  as  will  be  shown  below, 
•e  still  further  modified  by  the  wind. 

Vhen  one  gains  a  comprehensive  view  of  the  surface  of  the  pla- 
u — as,  for  example,  from  the  borders  of  the  Blue  Mountain  uplift 
'rom  the  sharp  summit  of  Steptoe  Butte — it  is  seen  that  the  con- 
iling  features  in  the  topography  of  the  surrounding  country  are 
I  to  stream  erosion.  A  map  of  the  plateau  would  show  that  where 
broad,  level,  plain-like  features  predominate,  the  land  is  incom- 
bely  drained.  There  are  no  rill  and  brook  channels  ready  to  carry 
the  rain  water,  should  it  fall  in  sufficient  abundance  to  form  sur- 
3  streams.  In  the  hilly  portion  of  the  plateau,  however,  as  in  the 
ouse  country,  there  are  countless  small  valleys  and  depressions 
t  join  large  channels  and  everywhere  favor  the  running  off  of  sur- 
;  water.  The  portions  of  the  plateau's  surface  that  have  not  been 
led  by  stream  erosion  are,  in  the  language  of  geographei's,  young 
i  areas,  while  the  roughened  surface  of  the  rolling  prairies  fur- 
ies examples  of  youthful  topography,  or,  in  this  instance,  of 
)sted  development  in  an  early  stage  of  growth, 
hese  conclusions  may  not  seem  well  founded  to  those  who  are  aware 
t  the  portions  of  the  plateau  between  the  deeply  cut  canyons  are 
IBB  4 5 
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without  surface  streams.  Even  where  the  plateau  surface  is  hilly 
and  the  numerous  minor  valleys  and  depressions  favor  complete 
drainage,  there  are  not  only  no  streams  at  any  time  during  the  year, 
but  no  stream  channels  in  the  valley  bottoms.  There  was  formerly  a 
time,  however,  when  precipitation  was  more  abundant  than  now,  and 
the  land  in  what  is  now  the  rolling  prairie  was  sculptured  hy  a  multi- 
tude of  rills  and  brooks. 

The  hilly  prairie  is  characteristically  developed  in  eastern  Wash- 
ington, north  of  Snake  River,  and  probably  extends  to  Spokane 
River.  The  most  typical  portion,  so  far  as  I  can  judge  from  personal* 
observation,  is  in  the  region  drained  by  Palouse  River.  The  towns 
of  Pullman  and  Garfield  are  surrounded  by  the  characteristic  hills 
here  referred  to,  and  from  Kamiack  and  Steptoe  buttes  one  can  look 
down  on  tens  of  thousands  of  acres  of  hilly  and  undulating  wheat 
lands,  which  in  a  state  of  nature  formed  a  vast,  hilly  prairie. 

In  this  region  hills  with  smooth,  even  slopes  and  rounded  tops  and 
crests,  rising  in  general  from  20  to  80  feet  above  the  adjacent  depres- 
sions, occur  in  thousands.  Many  of  the  hills  rise  to  one  general  level, 
but  none  reach  above  it.  The  fact  that  the  roughened  surface  of  tlx« 
plateau  is  a  broad  plain  is  always  apparent  in  a  general  view. 

One  feature  of  the  hills  which  especially  attracts  attention  is  th»1 
they  are  usually  steep  on  the  northeast  side  and  slope  gently  toward 
the  southwest.     The  steeper  sides  frequently  have  a  slope  of  20°  with 
a  horizontal  plane,  and  in  many  instances  are  slightly  concave  when 
seen  in  profile,  while  the  more  gently  sloping  sides  descend  at  angles 
measuring  5°  to  8°,  and  are  frequently  gently  convex.     These  feature 
may  be  recognized  in  the  photographs  of  characteristic  portions  of  the 
hilly  plateau  forming  the  accompanying  plates. 

In  many  instances  the  extremities  of  ridges  which  present  a  steep 
slope  to  the  northeast  terminate  at  each  end  in  tapering  prolonga- 
tions extending  northeastward,  which  curve  slightly  toward  each 
other  and  partially  inclose  a  hollow.  Many  of  these  amphitheater- 
like inclosures  may  be  seen  in  the  northeast  sides  of  the  hills  aboot 
Pullman  and  Garfield. 

From  what  has  been  stated,  the  fact  will  be  recognized,  I  think,  that 
many  of  the  hills  of  the  plateau  are  similar  in  form  to  the  hills  of 
drifted  sand  termed  "dunes." 

The  dune-like  shape  of  many  of  the  hills  about  Pullman  was  first 
pointed  out  to  me  by  President  E.  A.  Bryan  and  Prof.  C.  V.  Piper,  of 
the  Washington  State  Agricultural  College  and  School  of  Science. 
These  gentlemen  also  stated  that  the  prevailing  winds  of  that  section 
of  the  country  are  from  the  southwest.  The  hypothesis  was  thus  sug- 
gested that  the  soil  of  the  plateau,  of  which  even  the  highest  hills  are 
composed,  has  been  blown  by  the  prevailing  winds  and  piled  up  in 
part  in  dune-like  forms.  The  similarity  in  physical  properties  between 
the  fine  soil  of  the  wheat  lands  and  the  equally  fine,  dust-like  dex>osits 
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in  Ohina,  termed  loess,  and  believed  by  some  geologists  to  be  wind- 
bo  jme  deposits,  as  previously  suggested,  seemed  also  to  give  weight 
to    t>lie  hypothesis  that  the  hills  under  consideration  are  of  eolian 
origin.    The  idea  has  been  suggested  that  the  soil  of  the  wheat  lands 
has  been  brought  by  the  winds  from  a  desert  region  to  the  southwest, 
buti   there  is  no  extensive  desert  area  in  that  direction,  and  besides, 
*8  Ave  have  already  seen,  the  mineralogical  and  chemical  composition 
<>f    the  soil  and  its  transition  into  disintegrated  rock  and  finally  into 
solid  basalt  shows  that  it  originated  in  the  place  where  we  now  find  it. 
The  prevailing  and  characteristic  dune-like  shapes  of  the  hills  is 
^^fiBcient  evidence,  however,  that  their  contoure  have  been  modified 
to   some  extent  by  wind  action.     As  already  stated,  the  main  topo- 
Sr^.phic  features,  even  where  the  dune-like  hills  are  best  displayed, 
^^^  such  as  are  produced  by  erosion.     The  partially  filled  depressions 
•^tween  the  hills  have  continuous  slopes,  which  would  furnish  natural 
^^d  unbroken  channels  of  escape  should  the  rainfall  become  suffi- 
ciently abundant  to  initiate  surface  drainage. 

The  best  explanation  I  can  offer  of  the  origin  of  the  hilly  topogra- 
phy of  the  less  deeply  dissected  portions  of  the  basaltic  plateau  is 
that  the  principal  changes  in  the  relief  of  the  surface  of  the  originally 
flat  and  featureless  plateau  are  due  to  stream  erosion  at  a  time  when 
the  precipitation  was  more  copious  than  now,  and  that  with  a  decrease 
in  precipitation  the  forms  of  the  hills,  left  in  relief  by  the  excavation 
of  the  valley,  were  modified  by  the  prevailing  winds.  The  fine  soil 
was  blown  from  the  southwest  sides  of  the  hills,  which  trend  north- 
west and  southeast,  and  accumulated  on  their  leeward  slopes.  But 
this  action  has  not  been  carried  far  enough  to  obliterate  or  to  greatly 
modify  the  topographic  forms  due  to  previous  stream  erosion.  In  no 
instance  during  a  careful  search  extending  over  several  days  was  I 
able  to  find  a  single  valley  or  depression  which  was  not  connected 
with  the  present  lines  of  drainage  by  valleys  and  dells  that  would 
admit  of  complete  surface  drainage  in  the  case  of  a  heavy  rainfall. 
This  evidently  would  not  have  been  the  case  if  the  wind  had  been 
the  controlling  agency  in  modeling  the  relief  of  the  plateau's  surface. 
The  steep  northeast  slopes  of  the  hills,  as  already  mentioned,  fre- 
quently have  concave  profiles.  These  curved  slopes  suggest  the  pro- 
files of  volcanic  cones  formed  of  fragments  blown  out  of  a  volcano 
and  falling  about  its  sides.  They  are  the  reverse  of  the  convex 
"weather  curves"  produced  by  the  removal  of  the  surface  of  an 
uplift  in  the  process  of  weathering.  The  concave  sides  of  the  hills 
have  such  profiles  as  would  be  formed  by  material  blown  over  their 
crests  and  accumulated  on  their  lee  sides;  while  their  summits  and 
southwest  slopes  present  such  profiles  as  normally  result  from 
weathering. 

Excavations  in  the  hills  have  in  some  instances  shown  a  greater 
depth  of  fine,  dust-like  soil  on  the  lee  side  of  their  crests  than  on  the 
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windward  side.     In  some  cases  a  clayey  subsoil  is  met  with  at  a  depth 
of  a  few  feet  on  the  sonthwest  side,  while  on  the  opposite  side  a  de^P 
loess-like  soil  prevails.     This  has  been  noticed  in  the  college  fana  &t 
Pullman,  as  I  have  been  informed  by  President  Bryan,  where  cl^y 
interbedded  with  the  Columbia  lava  has  influenced  the  character  ot 
the  soil.    In  railroad  cuts  deposits  of  fine,  dust-like  soil  having  a  deptli 
of  30  or  40  feet  have  been  observed  in  several  instances  on  the  nortli-- 
east  side  of  hills;  while  in  similar  cuts  on  the  southwest  slopes    of 
corresponding  hills  they  would  be  less  thick.     Rock  exposures  ar« 
perhaps  more  numerous  on  the  northern  sides  of  canyons  than  on  their 
southern  sides,  owing  to  the  accumulation  of  soil  in  the  lee  of  thei.  t 
southern  walls,  but  I  am  not  aware  that  there  is  a  marked  tendency  j 
in  this  direction. 

I  have  thought,  also,  that  a  difference  is  observable  between  soil 
that  has  been  moved  and  redeposited  by  wind  and  soil  that  remaiis^ 
in  place,  but  the  differences  between  the  two  are  so  slight  and  their 
junction  so  indefinite  that  no  sharp  line  of  division  can  usually  tM 
recognized. 

It  is  possible  that  the  vertical  tubes  described  on  a  previous  pagr^ 
occur  only  in  the  soil  that  has  been  moved  by  the  wind.    The  tubes 
referred  to  are  certainly  abundant  in  the  soil  on  the  northwest  slopes 
of  hills,  but  whether  they  are  absent  in  soil  that  has  not  been  disturbed 
remains  to  be  proven. 

The  valleys  in  the  surface  of  the  hilly  plateau  have  characteristics, 
also,  which  are  novel  to  one  familiar  only  with  a  well-watered  country. 
The  great  majority,  and  in  fact  nearly  all,  of  the  valleys  of  the  plateau, 
except  such  as  are  traversed  by  streams  fiowing  from  the  bordering 
mountains,  are  fiat  bottomed  and  without  stream  channels.  These 
valleys  are  usually  deeply  filled  with  fine  soil  of  the  same  character 
as  that  forming  the  adjacent  hills.  In  cross  section  the  valleys  are 
level-floored,  but  in  longitudinal  section  their  even  surfaces  would 
show  a  gentle  inclination  toward  the  deeper  valleys  to  which  they 
lead,  and  in  which  there  are  streams  flowing  from  the  neighboring 
mountains. 

As  stated  in  connection  with  the  description  of  other  climatic  fea- 
tures of  eastern  Washington,  the  precipitation  is  small,  averaging 
about  16  inches  annually.  The  deep,  fine,  porous  soil  absorbs  the  rain 
as  it  falls  and  the  water  formed  from  melting  snow.  It  is  to  this  fact 
that  the  possibility  of  raising  wheat  and  other  cereals  on  the  broad 
plateau  is  due.  All  of  the  annual  precipitation  except  what  is  re- 
turned to  the  atmosphere  by  direct  evaporation,  as  when  snow  van- 
ishes before  a  warm  wind  without  melting,  is  not  only  absorbed  by 
the  soil,  but  is  retained,  to  a  great  extent,  near  the  surface.  In  exca- 
vations in  excess  of  15  or  20  feet  on  the  plateau  surface,  I  have  been 
informed,  dry  soil  is  usually  reached. 

It  is  a  striking  fact,  especially  on  the  hilly  portion  of  the  plateau, 
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tli^^t>even  the  steepest  slopes,  in  many  instances  having  an  inclination 
of  from  20°  to  30°,  are  without  rill  marks.     This  is  not  because  there  is 
a,  m»t  of  roots  binding  the  soil  together  and  thus  preserving  it  from 
wasliing,  for  the  surfaces  of  the  plowed  hillsides  are  smooth  and 
anscarred  by  gullies.     It  is  the  custom  generally  throughout  the  wheat- 
gTo^wing  region  of  eastern  Washington,  as  already  stated,  to  harvest 
but;  one  crop  in  two  years  from  a  given  area.     The  farmers  have 
learned  that  by  this  method  they  can  obtain  about  as  much  grain  as 
if  tlie  land  were  sown  and  harvested  each  year.     Inquiries  as  to  the 
re€i.soAS  that  make  this  possible  have  not  elicited  satisfactory  answers. 
TliL^  suggestion  has  occurred  to  me,  however,  that  possibly  the  evap- 
ora,tiion  from  a  plowed  field  is  so  much  less  than  from  a  field  covered 
witli  growing  grain  that  by  plowing  the  land  and  leaving  it  unsown 
©v^xy  other  year  a  greater  store  of  moisture  is  secured  for  the  alternate 
y©«i»T8,  when  a  crop  is  raised.     This  suggestion  is  in  harmony  with  the 
well-known  fact  that  the  conditions  which  are  favorable  or  unfavor- 
*^1^  to  agriculture  on  the  basaltic  plateau,  with  reference  especially 
^  moisture,  are  delicately  balanced.     When  a  slight  increase  over  the 
av^^rage  annual  precipitation  is  experienced,  an  abundant  harvest  is 
^^^ured;  but  if  the  precipitation — particularly  the  amount  of  snow — 
^*  Bmall,  the  effect  is  seen  in  a  diminished  harvest.     This  statement 
^^Ust  be  qualified,  however,  since  the  amount  of  precipitation  is  not 
^^e  only  important  climatic  factor  on  which  the  success  or  failure  of 
^^e  harvests  depends.     In  winter  the  snow,  although  perhaps  abun- 
dant, is  sometimes  evaporated  by  warm,  dry  winds,  without  melting, 
^ud  therefore  fails  to  add  to  the  store  of  moisture  in  the  soil.     Hot 
"vrinds  occur  sometimes  also  in  spring  and  early  summer,  and  witlier 
the  young  grain. 

The  semihumid  character  of  the  climate  of  eastern  Washington, 
shown  by  the  conditions  limiting  the  cultivation  of  cereals,  leads  nat- 
urally to  the  consideration  of  the  possibilities  of  irrigation  and  of 
artesian  water  supply. 

IRRIGATION.' 

Region  south  of  Snake  River, — To  a  person  traveling  through  south- 
eastern Washington,  a  truly  astonishing  feature  of  the  country  is 
the  great  quantity  of  water  flowing  from  the  Blue  Mountains.  I 
have  already  directed  attention  to  the  fact  that  on  what  has  been 
termed  the  wheat-land  plateau  all  of  the  water  that  reaches  the  soil 
is  absorbed.  The  same  is  true  among  the  Blue  Mountains,  which  are 
in  reality  a  more  elevated  plateau  of  the  same  general  character  that 
has  been  deeply  dissected  by  stream  erosion.  This  uplift  furnishes 
a  splendid  example  of  mature  drainage — that  is,  a  drainage  system 
which  has  cut  down  its  principal  channels  approximately  to  the  level 

>  For  data  on  water  supply  and  irrigation  from  Umatilla  River,  see  Ball.  No.  131,  Report  of 
Progress  of  the  Division  of  Hydrography,  United  States  Oeological  Survey,  for  1808  and  1894, 
pp.  61^73. 
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of  the  master  stream  into  which  they  discharge.  The  principal  streams 
have  developed  innumerable  lateral  branches,  so  that  the  entire  region 
is  well  drained.  With  the  deepening  of  the  stream  channels  there 
has  been  erosion  of  the  interstream  spaces,  and  instead  of  flat-topped 
tables,  only  sharp,  serrate  ridges  remain.  These  stream  channels  are 
no  older  than  the  less  well-developed  channels  on  the  lower  plateau, 
but  the  advantage  gained  from  the  greater  elevation  of  the  land  has 
given  the  flowing  waters  greater  velocity  and  enabled  them  to  progress 
with  their  appointed  task  more  rapidly. 

Rock  disintegration  and  decay  has  kept  pace  with,  and  in  recent 
times  exceeded,  denudation,  and  every  depression  and  every  shelf  on 
the  canyon  walls  is  filled  and  covered  with  soil.  This  soil  is  of  the 
same  character  as  that  of  the  wheat  lands,  except  for  the  frequent 
occurrence  of  angular  rock  fragments  in  it.  All  portions  of  the  intri- 
cate system  of  ridges  composing  the  so-called  mountains,  except  the 
actual  cliffs  and  precipices,  are  thus  soil  covered. 

Among  the  mountains,  as  on  the  hill  slopes  of  the  wheat  lands, 
there  is  an  absence  of  rill  marks.  Earth  slopes  having  a  descent  of 
fully  45"  are  usually  without  rill  marks  or  scars  of  any  kind  due  to 
erosion.  The  few  miniature  water  courses  that  do  occur  on  such 
slopes  are  the  result  of  the  infrequent  storms  known  as  ''cloud- 
bursts." The  water  absorbed  by  the  porous  soil  passes  down  into  the 
jointed  and  f  requentlj'^  scoriaceous  basalt  below,  and  by  slow  percola- 
tion feeds  perennial  streams. 

As  already  described  in  the  section  of  this  report  devoted  to  drain- 
age, and  as  shown  on  the  accompanying  map,  there  are  many  creeks, 
some  of  them  having  the  volume  of  rivers,  radiating  in  all  directions 
from  the  Blue  Mountains.  Each  of  these  streams  flows  throughout 
the  year  and  carries  a  never-failing  flood  of  clear,  cold  water  down 
to  the  parched  valleys  below.  Each  of  these  streams,  with  the  excep- 
tion of  the  Grande  Ronde,  can  be  utilized  to  its  full  capacity  for 
irrigation. 

The  Grande  Ronde  in  all  of  its  lower  course,  as  already  shown, 
flows  through  such  a  rugged  canyon  that  scarcely  any  land  can  l>e 
economically  irrigated  by  it.  Here  and  there  along  the  main  river, 
however,  and  on  its  branches,  are  small  areas,  some  of  which  may  be 
watered  from  the  river  itself  or  by  lateral  streams.  The  productive 
ness  of  these  areas  makes  them  especially  valuable  for  orchards  and 
gardens.  It  is  in  these  sheltered  recesses  that  fruit,  vegetables, 
tobacco,  etc.,  may  be  raised,  while  the  canyon  sides  and  much  of  the 
plateau  surface,  some  3,000  feet  above,  is  available  for  stock  ranges. 
Toward  the  headwaters  of  the  river  broad  areas  of  the  plat^eau  surface 
still  remain  and  are  clothed  with  forests.  This  land,  when  cleared, 
will  produce  wheat,  but  it  is  to  be  hoped  that  much  of  it  will  be 
retained  in  nearly  its  natural  condition  sia  a  forest  preserve. 

The  other  streams  referred  to,  which  radiate  from  the  Blue  Moun- 
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tains  of  Washington  and  adjacent  portions  of  Oregon,  flow  through 
canyons,  but  in  most  instances  are  bordered  by  narrow  flood  plains, 
elevated  but  a  few  feet  above  their  channels,  or  by  ancient  terraces,  as 
in  the  case  especially  of  the  Walla  Walla  and  several  of  its  branches. 
Of  the  streams  under  consideration,  the  ones  least  favorably  circum- 
stanced for  [irrigation  purposes  are  Asotin  and  Alpowa  creeks.  But 
even  these  can  be  utilized,  as  is  shown  by  the  canal  described  below, 
which  leads  the  water  from  Asotin  Creek  about  the  face  of  the  bluffs 
forming  Snake  River  Canyon  and  delivers  it  to  irrigable  lands  opposite 
Lewiston,  The  Alpowa  flows  for  a  large  part  of  its  course  in  a  narrow 
gorge,  but  near  its  mouth  and  along  the  adjacent  portion  of  Snake 
River  there  are  lands  so  situated  that  they  can  be  irrigated. 

In  the  absence  of  a  topographic  survey  of  the  Blue  Mountains  and 
adjacent  regions,  it  is  not  practicable  to  designate  in  a  report  of  the 
character  of  the  one  here  presented  what  lands  can  be  economically 
irrigated  or  where  storage  reservoirs  can  be  constructed  to  the  best 
advantage.  From  the  point  of  view  of  the  engineer,  however,  it 
seems  practicable  not  only  to  utilize  for  irrigation  purposes  all  of  the 
water  flowing  from  the  Blue  Mountains  in  summer,  but  to  store  a 
large  portion  of  the  winter  run-off  and  hold  it  for  use  during  the  grow- 
ing season. 

As  is  only  too  well  known,  the  main  obstacles  to  the  full  utilization 
of  the  water  now  running  to  waste  in  many  arid  regions — and  south- 
eastern Washington  is  no  exception  to  the  rule — is  the  rivalry  of  indi- 
vidual owners  of  land  and  of  water  rights.     No  general  plan  of  using 
^he  summer  flow  from  the  Blue  Mountains  or  of  storing  a  part  of  the 
winter  run-off  can  be  carried  out,  however  practicable  it  may  seem  to 
^h©  engineer,  until  a  large  number  of  the  owners  of  land  in  the  region 
^^  be  affected  give  their  consent  and  cooperate  in  carrying  out  far- 
^''^aching  plans  for  the  public  good. 

In  writing  of  the  possibilities  for  irrigation  in  the  region  to  the 
^^rlh  of  the  Blue  Mountains — and  what  has  been  said  will  apply  also 
^  large  areas  in  the  adjacent  portion  of  Oregon — attention  has  been 
^^I'ected  mainly  to  the  canyon  bottoms  and  to  the  ancient  stream  ter- 
J^cies.  The  engineer  sees  possibilities,  also,  in  the  direction  of  irrigat- 
*^S  some  portion  of  the  wheat-land  plateau  between  the  deeply  sunken 
s^^eam  channels. 

To  the  northward  of  the  Blue  Mountains,  more  especially  in  Garfield 

^*^d  Asotin  counties,  the  plateau  surface  rises  gently  toward  the  moun- 

^ins,  and  in  some  instances  could  be  watered  by  diverting  the  streams 

^^ar  their  sources  and  before  their  Qhannels  became  much  depressed 

^low  the  general  level  of  the  plateau.     Little  attention  has  been 

^^rected  to  the  possibility  of  diverting  the  waters  of  the  several 

^J^ches  of  the  Asotin,  Alpowa,  and  Tokanon  in  their  upper  courses, 

^^i  conducting  them  into  the  broad  areas  between  the  deep  canyons 

^Uhe  main  streams  lower  down,  but  this  seems  feasible  to  one  making 
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a  hasty  examination  of  the  region,  especially  if  storage  reservoirs  can 
be  ei^tablished.  The  possibilities  here  referred  to  are  illustrated  at 
Anatone,  about  14  miles  southwestward  from  Asotin,  where  the  water 
of  George  Creek,  one  of  the  tributaries  of  Asotin  Creek,  has  been 
diverted  with  but  trifling  expense  and  carried  to  a  nearly  level  area 
of  rich  wheat  land  conveniently  situated  for  irrigation.  This  small 
experiment  certainly  suggests  other  possibilities  in  the  same  region. 
There  is  reason  to  believe  that  a  careful  survey  would  show  available 
reservoir  sites  near  the  sources  of  several  of  the  mountain  streams,  so 
situated  that  broad  areas  of  the  plateau  could  be  watered  from  them. 

At  present  little  use  is  made  of  the  water  flowing  from  the  Blue 
Mountains  in  comparison  with  what  is  possible  from  an  engineering 
point  of  view.  Small  ditches  have  been  made  in  a  number  of  instances, 
particularly  in  the  neighborhood  of  Walla  Walla,  for  the  purpose  of 
irrigating  gardens  and  orchards.  In  the  lower  portion  of  Walla  Walla 
River  about  half  a  dozen  water  wheels  arranged  with  buckets  are  in 
use.  These  raise  the  water  from  the  river  to  a  height  of  15  feet  and 
allow  it  to  flow  in  ditches  to  orchard  and  garden  lands.  Each  wheel 
is  said  to  be  capable  of  irrigating  from  8  to  10  acres  of  land.  In  addi- 
tion to  these  uses  of  the  streams  for  irrigation  by  individuals  a  few 
attempts  have  been  made  by  companies  to  construct  irrigating  canals. 

What  is  known  as  the  **  Willis  ditch,"  constructed  by  the  Willis 
Land  and  Improvement  Company,  is  taken  out  of  the  Walla  Walla 
at  the  mouth  of  Mill  Creek.  The  head  of  the  ditch  is  in  the  southeas'i 
quarter  of  section  31,  township  7,  range  35,  and  extends  westward  4^ 
miles,  but  is  surveyed  for  10  miles  farther.  This  canal  is  20  feet  wid^ 
at  the  top  and  now  carries  16  to  18  inches  of  water,  but  when  in  fuE 
operation  is  planned  to  carry  a  stream  2  feet  deep.  I  have  bee3 
informed  that  it  now  irrigates  about  4,000  acres  of  land. 

The  *'Hawley  ditch"  leaves  the  right  bank  of  the  Walla  Walla  ^m 
Ray  mo,  and  is  8  miles  long,  although  only  4  miles  are  now  in  oper^ 
tion.  It  is  said  to  carry  60  cubic  feet  of  water  per  second,  and  t- 
irrigate  about  1,000  acres.  When  completed  it  is  estimated  that  ri 
will  irrigate  between  1,500  and  1,600  acres. 

On  the  opposite  side  of  Walla  Walla  River  the  Walla  Walla  Irrig^ 
tion  Company  has  constructed  a  ditch,  beginning  farther  upstreaiK 
and  now  completed  for  about  4  miles,  but  it  is  not  in  operation.  J 
the  .present  plans  are  carried  out,  this  ditch,  when  finished,  will  be  i^ 
the  neighborhood  of  20  miles  long  and  capable  of  irrigating  some  4, Of 
or  5,000  acres  of  land. 

In  the  canyon  of  Touchet  River,  about  4  miles  above  its  mouth, 
ditch  has  been  constructed  on  the  left  bank  of  the  stream.     One  an 
one-half  miles  below  its  head  it  is  divided,  one  half  being  carrier 
across  the  river  to  the  left  bank.     Its  capacity  is  about  60  cubic  fees 
per  second,  and  at  present  it  is  said  to  irrigate  2,000  acres. 

Such  information  as  is  here  given  concerning  the  more  comprehen- 
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sive  plans  that  have  been  made  for  using  the  water  of  Walla  Walla 
River  and  its  brf^^ches  was  furnished  by  various  gentlemen  interested 
in  the  improvements  mentioned.  More  detailed  information  could 
not  be  obtained,  for  the  reason,  in  part,  that  some  of  the  companies 
engaged  in  this  work  are  involved  in  litigation  growing  out  of  the 
complex  problem  of  riparian  rights. 

Snake  River  Canyon. — Snake  River,  although  a  magnificent  stream, 
18  not  available  for  the  iiTigation  of  the  surface  of  the  plateau  through 
which  it  flows,  for  the  reason,  as  we  have  already  seen,  that  it  is 
deeply  sunken  in  the  rocks  of  the  plateau.  There  are  several  areas 
in  the  bottom  of  the  canyon,  however,  from  a  few  acres  to  300  or  400 
acres  in  extent,  which  can  be  irrigated  from  the  main  river  or  by  the 
waters  of  some  of  the  tributary  brooks  and  creeks.  The  soil  at  the 
localities  referred  to  is  river  sand,  exceedingly  light  and  porous.  It 
contains  much  mica  and  considerable  lime,  duo  in  part  to  the  presence 
of  shells  of  fresh-water  moUusks,  and  when  irrigated  is  well  adapted  to 
fruit  culture.  Some  of  the  finest  fruit  raised  in  Washington  is  grown 
on  these  sand  bars,  deep  in  the  shelter  of  canyon  walls. 

The  boldest  scheme  in  the  way  of  irrigation  yet  put  into  operation 
in  southeastern  Washington  is  one  that  was  practically  completed  in 
1896  by  the  Lewiston  Water  and  Power  Company,  on  the  west  side  of 
Snake  River,  below  Asotin.  The  canal  referred  to  diverts  the  water 
of  Asotin  Creek,  and  carries  it  along  the  precipitous  south  side  of  Aso- 
tin Creek  Canyon,  and  about  the  face  of  a  bluff  at  the  junction  of 
this  canyon  with  the  broader  canyon  of  Snake  River,  and.  northward 
*long  the  steep  side  of  the  river  canyon  at  an  elevation  of  approxi- 
niately  600  feet  above  the  river.  The  canal  is  designed  to  furnish 
^aterfor  irrigating  about  3,500  acres  in  Asotin  County,  Washington, 
*Dd  also  4,000  acres  in  Idaho,  near  Lewiston.  The  following  fact« 
^Deeming  this  important  enterprise  have  been  kindly  furnished  by 
Messrs.  C.  C.  Van  Arsdol  and  E.  H.  Libby,  of  the  Lewiston  Water 
**id  Power  Company: 

^e  water  is  taken  from  Asotin  Creek  about  6  miles  above  its  jnnction  with 
^'^e  Biver,  at  an  approximate  elevation  of  665  feet  above  Snake  River,  and  is 
°^^diicted  6^  miles  along  the  north  slope  of  Asotin  Creek  by  a  flume  6  feet  wide 
'^d  ^  feet  in  depth,  with  a  grade  of  10.56  feet  per  mile;  thence  to  a  point  north 

^  Shallows  Nest  Rock,  a  distance  of  8  miles  by  canal,  6  feet  wide  on  bottom,  16 
^^  Wide  on  top,  and  5  feet  deep,  with  a  grade  of  2.12  feet  per  mile.    Estimated 

^I^acity,  127  cubic  feet  per  second.    From  a  point  near  Swallows  Nest  Bock  the 

^^tributing  laterals  diverge. 

Iti  the  canyon  of  Snake  River,  above  Asotin,  there  are  narrow, 

,  ^tached  strips  of  moderately  flat  land,  having  a  width  in  some 

^^tances  of  200  or  300  yards,  composed  of  river  silt  and  sand.    These 

^5^  nearly  all  on  the  west  bank  of  the  stream,  and  are  bounded  on  one 

*^^^e  by  the  swift-flowing  waters  and  on  the  other  by  mountain-like 

^^Us  of  basalt  from  2,000  to  3,000  feet  high.    A  few  of  these  narrow 
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areas  are  now  irrigated  from  small  streams  that  come  down  the  gulches 
in  the  canyon  wall  and  are  supplied  by  springs.  In  this  portion  of 
the  canyon  of  Snake  River  the  water  of  the  river  itself  is  not  used 
for  irrigation. 

Below  Lewiston  there  are  also  several  localities  where  silt  and  fine 
micaceous  sand  brought  down  by  the  river  has  accumulated  in  shel- 
tered portions  of  the  bottom  of  the  canyon.  The  largest  of  these  areas 
now  under  cultivation  is  at  the  mouth  of  Wawawai  Creek,  which  sup- 
plies water  for  its  irrigation.  At  this  locality  about  300  acres  are 
occupied  by  fine  orchards  of  peaches,  pears,  prunes,  etc.  These 
orchards  are  wonderfully  productive,  and  furnish  fruit  of  large  size 
and  excellent  quality.  Between  Wawawai  and  the  mouth  of  Snake 
River  there  are  about  half  a  dozen  localities  at  which  from  8  to  14  acres 
of  fruit  land  are  under  cultivation.  The  total  amount  of  land  in  this 
section  now  being  irrigated  is  in  the-  neighborhood  of  100  acres.  At 
most  of  these  localities  water  for  irrigation  is  raised  from  the  river  by 
pumps  operated  by  undershot  water  wheels,  current  wheels,  located 
on  rafts,  as  shown  in  PI.  V.  These  wheels  are,  I  believe,  all  of  one 
pattern.  They  are  18  or  19  feet  long  by  9  to  11  feet  in  diameter,  and 
vary  in  effectiveness  with  variations  in  strength  of  current.  One, 
owned  by  Mr.  H.  Gilbert,  situated  in  section  26,  township  11,  range 
33,  at  the  time  of  my  visit,  August  19,  was  operating  two  suction 
pumps,  each  of  which  made  20  strokes  per  minute,  and  lifting  about «-« 
one-half  gallon  of  water  to  a  height  of  27  feet  at  each  stroke.  At>-^ — r. 
more  favoiM,ble  stages  of  the  river  the  amount  of  water  raised 
doubled.  The  water  is  carried  away  in  a  small  fiume  and  irrigate* 
about  1,000  fruit  trees. 

The  difficulties  that  have  to  be  contended  with  in  this  comparativelj^^^y 
inexpensive  method  of  irrigation  arise  principally  from  variations  iiM=«r-ii 
the  height  of  the  river.     The  portion  of  Snake  River  here  considerecE^^ 
rises  during  floods  from  20  to  32  feet  above  the  mean  low- water  stage*  ^^-e. 
The  scows  carrying  the  water  wheels  and  pumps  have  to  be  movec 
from  time  to  time  to  suit  the  varying  height  of  the  water.     In  wintei 
the  scows  must  be  removed  from  the  river  to  prevent  destruction  b}^^^y 
floating  ice.     Dangers  from  driftwood  have  also  to  be  guarded  against^^ct'^^t, 
especially  during  high  water. 

The  river  sometimes  rises  during  floods  to  within  3  or  4  feet  of  th^  .^ifte 
cultivated  lands,  and  there  is  danger  at  such  periods  that  the  rivei^^"^** 
will  remove  the  deposits  previously  made  and  thus  destroy  industriea^^^  ^ 
which  it  has  required  years  to  establish.     This  danger  can  probabl^^-^  ^y 
be  counteracted  in  many  instances  by  planting  willows  and  alder^"'^^^ 
along  the  river  banks.    The  inhabitants  in  Snake  River  Canyon  shoulc^  ^^ 
certainly  take  every  possible  precaution  against  unusually  high  flood»  ^^ 
in  the  river,  as  there  is  but  a  small  margin  between  the  usual  sprinj 
rise  and  the  surfaces  of  the  sand  bars  where  orchards  and  houses  ai 
located. 
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The  Palouse  country. — ^The  surface  of  the  wheat-land  plateau  north 
of  Snake  River,  drained  principally  by  Palouse  River,  is,  as  we  have 
seen,  a  rolling,  hilly  region.  Irrigation  is  there  impracticable,  except 
in  the  larger  valley  bottoms.  Scarcely  any  irrigation  is  now  practiced, 
and  my  examination  of  the  region  wa«  too  hasty  to  admit  of  an  opinion 
in  reference  to  what  may  there  be  possible.  It  seems  probable,  how- 
ever, that  here,  as  in  many  other  portions  of  the  arid  and  semihumid 
re^ons  of  the  United  States,  the  storage  of  water  must  eventuallj^  be 
resorted  to. 

A  iopographic  map, — To  those  interested  in  the  development  of  the 
many  and  varied  industries  of  Washington,  I  venture  to  earnestly  rec- 
ommend the  early  completion  of  an  accurate  topographic  map  of  the 
State.  Such  a  map,  in  the  sheets  covering  the  more  thickly  settled 
areas,  and  where  irrigation  is  desirable  and  practicable,  should  be  on 
a  scale  of  1  mile  to  the  inch,  with  contour  lines  showing  relief  of 
surface,  drawn  with  20-foot  vertical  intervals. 

A  knowledge  of  the  drainage  and  topography  or  surface  relief  of  a 

Stat«  is  an  important  basis  not  only  for  irrigation  but  for  planning 

country  roads,  railroads,  canals,  flumes,  town  water  supply,  etc.,  and 

in  learning  the  best  way  to  bring  mines,  timber,  and  agricultural  lands 

in  communication  with  markets.     It  is  safe  to  say  that  the  cost  of 

nearly  all  public  improvements  and  of  many  private  enterprises  would 

be  greatly  reduced  if  an  accurate  map  of  the  State  were  available  on 

which  to  base  plans  and  estimates.     The  educational  value  of  such  a 

map,  especially  to  school  children  in  giving  them  a  knowledge  of 

homo  geography,  is  by  no  means  the  least  of  the  useful  purposes  it 

would  serve. 

ARTESIAN  WATER  SlTPPIiY. 

The  small  rainfall  of  southeastern  Washington,  and  the  fact  that  it 
18  impossible  to  irrigate  by  far  the  larger  part  of  the  grain  lands,  or, 
in  many  instances,  to  obtain  wholesome  water  for  towns  and  even  for 
farmhouses,  from  streams  or  ordinary  surface  wells,  have  led  to  the 
hope  that  a  subterranean  water  supply  might  be  discovered.  In  a 
number  of  instances  marked  success  has  attended  the  drilling  of 
artesian  wells,  particularly  in  the  eastern  portion  of  Whitman  County, 
and  stimulated  a  desire  to  have  similar  experiments  made  elsewhere. 

GENERAL    CONDITIONS. 

Before  the  expense  incident  to  the  drilling  of  deep  wells  is  incurred 
it  is  desirable  to  give  attention  to  at  least  two  considerations:  First, 
t^ie  conditions  which  render  the  obtaining  of  artesian  water  possible, 
and  second,  the  geology  of  the  region  where  it  is  proposed  to  drill  a 
well.  After  a  study  of  these  questions  in  reference  to  a  given  locality 
one  may  predict  with  considerable  confidence  what  measure  of  suc- 
cess is  possible. 
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What  are  termed  **the  requisite  and  qualifying  conditions  of  arte- 
sian wells"  have  already  been  fully  explained  in  the  publications  of 
the  United  States  Geological  Survey,^  and  it  does  not  seem  necessary 
to  restate  them  at  length  in  this  report. 

Briefly  stated,  an  artesian  well  is  one  in  which  water  rises  under  the 
influence  of  the  pressure  of  water  at  higher  levels.  The  suggestion 
that  water  sometimes  rises  in  a  well  or  boring  on  account  of  gas  pres- 
sure need  not  be  discussed  at  this  time. 

In  an  artesian  well  the  water  sometimes  rises  to  the  surface  and 
overflows,  or  it  may  be  under  sufficient  pressure  to  form  a  fountain- 
like  jet  above  the  surface;  in  other  cases  the  water  rises  some 
distance  in  the  well,  but  fails  to  reach  the  surface.  In  all  these 
instances  the  well  is  classed  as  artesian.  The  question  of  surface 
flow  is  determined  not  only  by  the  pressure  acting  on  the  water  but 
by  the  elevation  of  the  surface  at  the  mouth  of  the  well.  For  exam- 
ple, a  well  drilled  in  a  valley  might  reach  a  water-charged  layer  oi 
rock  in  which  the  water  is  under  sufficient  pressure  to  cause  it  to  rise 
fountain-like  above  the  surface;  while  a  well  drilled  on  a  neighboring 
hill  and  reaching  the  same  water-bearing  layer  would  be  onl}'^  par 
tially  filled.  If  in  such  instances  the  casing  or  pipe  of  the  lower  weL 
bo  continued  upward,  its  top  remaining  open,  the  water  will  ris« 
within  it  to  the  same  level  at  which  it  stands  in  the  well  drilled  on  th- 
neighboring  hill;  that  is,  the  water  is  under  the  same  pressure  \m 
each  instance.  I  make  this  explanation  in  reply  to  numerous  quee 
tions  asked  me  during  my  field  studies,  as  to  whether  an  artesiaz 
well  is  necessarily  a  flowing  well  or  not.  In  brief,  an  artesian  weZ 
is  one  in  which  water  rises  under  pressure;  if  the  water  overflows  th- 
surface,  it  is  convenient  to  designate  it  as  a  flowing  well. 

In  order  that  water  may  ri^e  in  a  tube  drilled  in  the  earth  it  5 
necessary  for  it  to  be  under  pressure;  in  other  words,  the  water  mus 
be  confined  so  that  it  can  not  flow  away  and  thus  relieve  the  pressure 
The  most  common  conditions  under  which  this  happens  are  thescE 
Certain  layere  of  rock  of  loose  texture,  as  sand  and  sandstone,  becom  i 
water-charged,  and  the  water  is  confined  in  them  by  other  laj'er-: 
above  and  below  which  are  impervious  to  water,  such  as  clay.  If  . 
water-charged  layer  of  sand  between  two  layers  of  clay  is  inclined 
the  water  will  percolate  through  it.  If  the  central  portion  of  such  • 
water-charged  sheet  is  depressed,  the  water  in  the  surrounding  poo 
tions  will  tend  to  flow  toward  the  depressed  central  area.  The  wate^ 
in  the  central  portion  will  then  be  under  the  pressure  of  the  wat^r  i* 
the  more  elevated  portions  of  the  porous  layer.  Evidently,  unde' 
such  conditions,  if  a  hole  is  made  from  the  surface  through  the  uppei 
layer  of  clay,  it  will  allow  the  water  to  rise  to  the  surface,  or  unjiil  if 
stands  as  high  as  the  lowest  outlet  in  the  rim  of  the  basin.     These 

*  The  requisite  and  qualifying  conditions  of  artesian  wells,  by  T.  O.  Chamberlain:  Fifth  Ann. 
Rept.  U.  S.  Qeo\.  Survey,  1885,  pp.  12&-173.  Residents  of  Washington  may  find  it  profitable  tc 
consult  also:  ""  General  principles  pertaining  to  artesian  water,''  in  A  Geological  Reconnoiaaanoc 
hi  Central  Washington,  by  I.  C.  Russell:  Bull.  U.  S.  Geol.  Survey  No.  108, 1863,  pp.  82-88. 
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conditions  are  illustrated  in  the  following  ideal  section  across  an 
artesian  basin: 


B 


.^^ 


'  ^^^**®^*»^^»«Wr3t«^<^ 


FiQ.  2.— Ideal  section  illostratiner  tbe  chief  conditions  of  artesian  wells.  A.  a  porous  stratum; 
B  and  C,  imperrions  beds  below  and  above  A,  actinR  as  confining  strata;  F,  the  height  of  the 
w&ter  level,  ** artesian  head/'  in  the  poroos  bed  A,  or,  in  other  words,  the  height  of  the  reser- 
voir or  fountain  head;  D  and  E,  flowing  wells  springing  from  the  porous  water-filled  bed  A. 

(After  T.  C.  Chamberlin.) 

In  nature  we  find  examples  of  what,  for  convenience,  may  be  termed 
incomplete  artesian  basins;  as,  for  instance,  when  an  inclined  pervious 
bed,  a  layer  of  sand,  we  will  say,  thins  out  on  its  lower  edge  and  allows 
the  sheets  of  impervious  rock  above  and  below  it  to  come  together. 
An  ideal  example  of  this  character  is  shown  in  the  following  cross 
section: 


Fig.  3.— Ideal  section  illustrating  the  thinning  out  of  a  porous  water-bearing  bed.  A,  inclosed 
l>etweeii  impervious  beds,  B  and  C,  thus  furnishing  the  necessary  conditions  for  an  artesian  f oun* 
^,  D.    (After  T.  C.  Chamberlin.) 

If  the  layer  of  sand  is  penetrated  by  a  well  drilled  at  D,  the  water 
^U  rise  in  an  open  tube  to  a  height  regulated  by  the  pressure  of  the 
^ater  in  the  sand  above  the  locality  where  the  well  reaches  it. 

The  source  of  the  water  that  rises  in  artesian  wells  is  mainly  the 
precipitation  on  the  edges  of  the  pervious  beds  where  they  come  to 
^he  surface.  In  some  instances  the  porous  beds  are  charged  in  this 
^ay  at  their  outcrops,  hundreds  of  miles  from  where  the  water  is  lib- 
^r^tfCd  by  drilling  wells. 

The  height  to  which  water  rises  in  an  artesian  well,  or,  in  the  case 
^t  a  flowing  well,  the  height  to  which  it  would  rise  in  a  tube  open  at 
^he  top,  if  properly  attached  to  the  well,  is  termed  the  ''artesian  head." 
Tliis  is  illustrated  in  the  waterworks  of  towns,  where  the  water  rises 
^^  the  distributing  pipes  to  the  same  level  as  the  surface  of  the  water 
^^  the  reservoir  from  which  it  is  drawn. 

Prom  this  brief  outline  of  the  leading  conditions  which  favor  the 
possibility  of  obtaining  artesian  water  it  will  be  seen  that  the  task  of 
tile  geologist  in  this  connection  consists  in  ascertaining  whether  alter- 
nating sheets  of  pervious  and  impervious  rocks  exist  in  the  regions 
h^  studies,  and,  if  the  requisite  succession  of  beds  is  found,  whether 
^he  beds  are  so  inclined  as  to  bring  a  portion  of  the  water  in  the  per- 
^ous  layers  under  the  pressure  of  other  portions.     In  addition,  the 
^ount  of  rainfall  and  the  quantity  of  water  brought  by  streams  to 
^^6  outcrop  of  the  porous  beds;  whether  the  impervious  beds  are 
l>roken;  the  changes  which  layers  of  rock  undergo  from  one  locality 
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to  another;  the  depth  to  which  the  pervious  layers  have  been  erode 
by  streams;  and  several  other  limiting  and  qualifying  conditions  ha\ 
to  be  considered  and  investigated. 

LOCAL  CONDITIONS. 

In  southeastern  Washington  and  adjacent  portions  of  Oregon  an 
Idaho  the  rocks,  as  already  described,  belong  in  two  series:  Firs 
the  crystalline  or  metamorphic  and  igneous  rocks,  consisting  prii 
cipally  of  granite,  schist,  quartzite,  and  diorite,  forming  the  mountaiB 
of  western  Idaho;  and  second,  the  lava  sheets  and  interleaved  sand 
and  clays  forming  the  wheat-land  plateau  and  the  Blue  Mountains. 

So  far  as  the  question  of  obtaining  artesian  water  is  concerned,  y% 
may  dismiss  the  regions  where  the  metamorphic  rocks  and  diorite  fon 
the  surface.  The  original  bedding  in  these  rocks  has  been  almoi 
entirely  obliterated  by  the  changes  they  have  experienced,  and  there 
no  succession  of  porous  and  compact  layers.  The  rocks  have  bee 
folded  and  broken  by  joints,  so  that  practically  none  of  the  requisii 
conditions  for  retaining  wat^r  under  pressure  are  present.  Tl 
fissures  and  cavities  in  these  rocks  are  probably,  in  many  instance 
water-filled,  so  that  wells  drilled  at  the  proper  localities  might  allow  tl 
water  in  them  to  rise  and  possibly  to  overflow  the  surface.  But  theJ 
cavities  are  irregular,  and,  as  far  as  can  be  judged,  seldom  present  tl 
conditions  just  mentioned.  It  is  impossible  for  anyone  to  predi 
where  such  water-filled  cavities  exist,  and  the  drilling  of  a  hole  in  tl 
rocks  with  the  hope  of  finding  one  is  to  take  one  chance  in  a  millia 

The  areas  where  granite,  schists,  quartzites,  and  diorites  are  expose 
or  occur  a  short  distance  below  the  immediate  surface  are  therefa 
to  be  avoided  in  all  attempts  to  obtain  artesian  water. 

In  the  region  occupied  by  the  Columbia  lava  the  rocks,  althoui 
for  the  most  part  of  igneous  origin,  are  in  well-defined  layers.  Betwe^ 
the  sheets  of  basalt,  as  the  reader  is  already  aware,  there  are  laye 
of  sand,  volcanic  dust  and  lapilli,  and  clay.  This  series  of  beC 
although  apparently  horizontal  over  broad  areas,  is  in  reality  in  ma.i 
localities  slightly  inclined.  Conditions  favorable  to  the  hope  of  obtai 
ing  artesian  water  are  thus  suggested. 

The  basalt  is  not  porous,  except  very  imperfectly  at  the  junctions 
many  of  the  layers,  where  it  is  scoriaceous,  and  it  cair  not  be  consi 
ered  as  a  pervious  rock.  It  is  traversed  by  innumerable  joints  a:i 
seams,  and  evidently  could  not  retain  water  under  pressure.  In  its(^ 
therefore,  the  basalt  presents  no  condition  that  would  encourage  t^ 
hope  of  finding  artesian  water. 

When  sheets  of  sand  and  clay  intervene  between  the  layers  of  basa^ 
and  the  series  is  slightly  tilted,  more  hopeful  conditions  evident 
result.     These  conditions  are  fulfilled  in  a  belt  of  country,  some  10 
15  miles  broad,  along  the  eastern  border  of  Washington,  north 
Snake  River,  and  extending  at  least  as  far  as  the  northern  boundaJ 
of  Whitman  County,  and  possibly  all  the  way  to  Spokane  River. 
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The  westerly  mclinatioii  of  the  rocks  in  this  section  is  extremely 
gentle,  and,  although  not  yet  measured,  may  probably  be  taken  at 
about  5  feet  to  a  mile.  The  artesian  head  is  consequently  low,  and 
it  is  only  in  the  deeper  valleys — which,  however,  have  not  been  cut 
through  certain  strata  of  clay — that  flowing  wells  can  be  obtained. 

EXISTING  WELLS. 

The  information  here  presented  concerning  the  wells  that  have  been 
drilled  in  southeastern  Washington  has  been  obtained  from  various 
persons  who  were  especially  interested  in  the  results  hoped  for,  but 
was  furnished  principally  by  Mr.  A.  L.  Ebersol,  of  Garfield,  Wash- 
ington. Mr.  Ebersol  began  his  work  as  a  well  driller  in  the  oil  fields 
of  Pennsylvania,  and  has  had  several  years'  experience  in  putting 
down  wells  under  contract  in  Washington. 

Wells  at  Pullman, — Pullman  is  situated  partially  in  a  narrow,  steep- 
sided  canyon,  cut  in  the  basaltic  plateau  by  one  of  the  several  branches 
of  Palouse  River.  The  bottom  of  the  now  partially  filled  <?anyon  is 
about  200  feet  below  the  general  level  of  the  plateau.  The  college 
buildings  situated  near  the  summit  of  the  hills  overlooking  the  busi- 
ness portion  of  the  town  are  220  feet  above  the  station  of  the  Union 
Pacific  Railroad,  which,  as  shown  by  railroad  surveys,  is  2,340  feet 
above  the  sea. 

Fifteen  wells  have  been  drilled  at  Pullman,  some  of  them  in  the 
bottom  of  the  canyon  and  others  on  its  borders.  Those  in  the  bottom* 
of  the  canyon,  11  in  number,  are  flowing  wells,  but  those  on  the  sides 
of  the  canyon  above  an  elevation  of  about  2,365  feet  do  not  overflow; 
that  is,  the  pressure  on  the  water  in  the  pervious  stratum  penetrated 
^y  these  wells  is  sufficient  to  raise  it  to  a  level  of  about  25  feet  above 
tbe  canyon's  bottom. 

Tlie  hills  bordering  the  canyon  at  Pullman  are  of  basalt,  which 
appears  to  be  a  single  flow,  and  so  far  as  can  be  ascertained  by  obser- 
vation and  the  use  of  a  pocket  level  is  horizontal.  Beneath  this  heavy 
sheet  of  basalt  is  a  stratum  of  clay,  25  to  30  feet  thick,  the  upper  sur- 
face of  which  has  been  hardened  and  rendered  dark  in  color  by  the 
heat  of  the  basalt  spread  over  it.  Below  the  clay  is  a  layer  of  basalt 
^^  feet  thick;  then  comes  a  layer  of  granitic  sand,  which  has  been 
Penetrated  to  a  depth  of  about  12  feet  without  reaching  the  bottom, 
^is  sand  is  unconsolidated  and  abundantly  water  charged. 

It  is  reported  that  some  of  the  wells  furnished  artesian  water  as  soon 
^  the  clay  layer  was  penetrated  and  that  the  volume  increased  until 
^^e  sand  was  reached.  This  seems  to  indicate  that  the  water  rose 
through  fiasures  and  seams  in  the  basalt,  but  not  with  sufiicient  free- 
^^m  to  furnish  the  desired  supply.  The  impervious  layer  is  evidently 
^'^e  clay  stratum,  and  the  pervious  layer  is  the  loose,  unconsolidated 
^Ud.  Sand  is  thrown  out  of  the  flowing  wells,  and  samples  collected 
^how  that  it  is  mainly  quartz  sand,  with  occasional  fragments  of  gran- 
^^  and  basalt  and  much  mica.     This  material  is  mainly  such  as  would 
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be  furnished  by  the  disintegration  of  the  quartzite  and  granite  form- 
ing the  hills  bordering  the  basaltic  plateau  on  the  east.  With  the 
quartz  sand  are  mingled  grains  of  basalt,  which  sometimes  give  it  a 
dark  color. 

The  first  well  drilled,  that  now  supplying  the  Palace  Hotel,  as  stated 
by  M.  C.  True,  the  owner  of  the  hotel,  was  finished  in  May,  1894.  It 
has  a  total  depth  of  77  feet,  and  reached  flowing  water  at  65  feet.  It  is 
6  inches  in  diameter,  and  furnishes  about  30,000  gallons  per  day. 
The  well,  beginning  at  the  surface,  passes  through  12  feet  of  soil  and 
cobblestone  and  53  feet  of  solid  basalt,  and  after  passing  through  the 
basalt  it  reaches  about  12  feet  in  the  sand  beneath.  The  elevation  at 
the  surface  is  that  of  the  general  level  of  the  canyon  bottom,  or  2,340 
feet.  The  wat-er  rises  in  pipes  about  20  feet  above  the  mouth  of  the 
well. 

On  the  opposite  side  of  the  street  from  the  Palace  Hotel  a  well  was 
drilled  for  J.  R.  Ruply  in  1889  to  a  depth  of  73  feet.     This  well  is 
said  to  have  been  drilled  in  solid  basalt,  with  the  exception  of  the 
first  8  or  10  feet,  which  consisted  of  soil  and  loose  rocks.     The  report 
fails  to  mention  the  stratum  of  clay  which  outcrops  in  the  sides  of  the 
canyon  near  at  hand,  and  which  probably  exists  beneath  the  surface 
alluvium  throughout  the  lower  part  of  the  town.^    The  Ruply  well  is 
6  inches  in  diameter.     It  reached  a  stratum  of  micaceous  sand,  and 
water  rose  well  above  the  surface,  as  is  shown  in  the  photograph  here 
•  reproduced. 

The  well  which  supplies  the  town  of  Pullman  was  drilled  in  1890, 
and  is  6  inches  in  diameter  and  84  feet  deep.  The  surface  level  is 
practically  the  same  as  that  of  the  Palace  Hotel  well.  The  section 
passed  through  is  reported  to  be  as  follows:  Surface  soil,  3  feet;  clay, 
10  feet;  basalt,  60  feet;  gravel  and  sand  with  lignite,  11  feet.  The  bot- 
tom of  the  layer  of  sand  was  not  reached.  Water  rose  in  an  open 
pipe  20  feet  above  the  surface,  or  to  a  level  about  2,360  feet  above  the 
sea.  No  decrease  in  the  pressure  has  since  been  observed.  The 
water  is  raised  by  steam  pumps  to  a  reservoir  on  an  adjacent  hill  and 
from  there  distributed  for  domestic  and  town  purposes. 

The  three  wells  just  described  are  typical  examples  of  the  eleven 
flowing  wells  now  in  operation  in  the  lower  portion  of  Pullman.  The 
wells  on  the  sides  of  the  canyon,  which  were  begun  above  the  artesian 
head  of  the  water  in  the  porous  stratum,  are  illustrated  by  the  one 
which  supplies  the  college  buildings.  The  surface  level  at  this  well, 
as  shown  by  measurements  with  an  aneroid  barometer,  is  30  feet 
above  the  general  level  of  the  street  in  the  lower  portion  of  the  town, 
or  2,370  feet  above  the  sea.  The  well  has  a  total  depth  of  144  feet, 
and  is  reported  by  Mr.  Ebersol,  the  contractor,  to  have  been  all  in 
basalt,  except  about  30  feet  of  clay.     The  clay  layer  is  reported  to 

>  In  the  report  obtained  of  several  other  wells  in  Pullman  all  reference  to  this  clay  stratam  was 
omitted.  A  possible  reason  for  this  omission  is  that  the  price  of  drilling  is  usually  varied  with 
the  character  of  the  material  passed  through. 
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have  been  reached  at  65  feet  below  the  surface.  The  section  exposed 
in  the  valley  of  the  canyon,  however,  indicates  that  the  clay  should 
have  been  first  encountered  at  about  25  or  30  feet  below  the  surface. 
Water  rises  to  within  6  feet  of  the  surface  and  is  pumped  to  a  reser- 
voir which  supplies  the  college  buildings,  situated  about  200  feet 
higher  than  the  surface  at  the  well. 

It  does  not  seem  advisable  to  record  at  this  time  all  of  the  reports 
obtained  concerning  the  wells  at  Pullman,  as  careful  records  of  the 
character  of  the  rocks  passed  through  were  not  kept,  and  in  some 
instances  the  reports  obtained  are  unsatisfactory  for  other  reasons. 

Tlie  wells  are  all  6  inches  in  diameter.  The  contract  price  for 
drilling  in  surface  earth  and  clay  was  in  general  $1  per  foot,  and  in 
basalt  U  per  foot.  The  water  in  all  cases  is  beautifully  clear,  with- 
out occluded  gases,  and,  with  the  exception  of  the  Palace  Hotel  well, 
is  soft.  The  water  of  the  exceptional  well  has  not  been  analyzed,  but 
its  taste  suggests  the  presence  of  iron.  None  of  the  wells  are  cased, 
but  much  loss  from  leakage  through  fissures  in  the  basalt  is  prevented 
by  the  clay  stratum  near  the  surface.  The  wells  in  the  lower  part  of 
the  town  begin  in  the  clay  or  in  superficial  deposits  resting  on  it.  It 
isto  l)e  expected  that  westward  from  Pullman,  where  the  branches  of 
Palouse  River  l>ecome  deeper,  the  clay  layer  has  been  cut  through, 
and  that  the  conditions  favorable  for  obtaining  artesian  water  will  be 
impaired,  for  the  reason  that  basalt  allows  water  under  pressure  to 
escape  through  fissures.  In  such  instances  it  is  evident  that  all  wells 
should  be  cased  down  to  the  water-bearing  sands. 

Several  of  the  wells  at  Pullman  are  allowed  to  flow,  thus  wasting  a 
W®  volume  of  water  and  decreasing  the  pressure.  If  the  blessings 
*^onipanying  the  discovery  of  an  excellent  water  supply  are  to  be 
maintained,  all  wells  should  be  closed  when  not  in  use. 

^ells  at  Moscow,  Idaho. — At  Moscow,  Idaho,  about  9  miles  east  of 
"ullnaan  and  near  the  junction  of  the  Columbia  basalt  with  the  granite 
'^"Is  bordering  it  on  the  east,  several  wells  have  been  drilled. 

V  have  been  informed  by. Mr.  Ebersol  and  others  that  fourteen  wells 

have  been  drilled  since  1890,  and  that  ten  of  these  were  flowing  in  1891, 

i>ut  since  then  the  pressure  has  so  decreased  that  the  water  now  stands 

^^  9  feet  below  the  surface.     The  depth  of  these  wells  is  in  general 

about  100  feet,- the  first  50  to  60  feet  being  through  loose  material— 

"^   alluvial   filling  of  the  valley — and   the    remainder  in  basalt. 

/*icther  a  layer  of  sand  was  reached  or  not  seems  uncertain.     The 

Wormation  available  concerning  these  wells  is  meager  and  unsatis- 

*^tory,  but  it  seems  that  the  alluvium  of  the  valley — much  of  it  fine, 

^^^y-like  soil — plays  the  role  of  an  impervious  layer  and  retains  water 

^^der  pressure  in  the  seams  and  joints  of  the  basalt,  thus  furnishing 

*^  approach  to  favorable  artesian  conditions.^ 

^eUs  at  Palouse. — Four  wells  have  been  drilled  within  a  radius  of 


'  It  is  xirolsable  that  if  these  wellB  were  prox)erly  cased  a  surface  flow  would  result. 
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about  20  feet  in  the  business  portion  of  Palouse,  with  the  hope     oi 
obtaining  a  water  supply  for  the  town.     The  last  was  completed      liv 
1894.     The  town  is  situated- principally  in  a  valley  with  precipitc^^is 
borders  280  feet  high.     The  wells  are  in  the  bottom  of  the  vall^33, 
and  are  said  to  be  about  200  feet  deep  and  to  penetrate  material        a^s 
follows: 

Feet. 

Earth  and  stones. 14 

Coarse  gravel 3 

Solid  basalt 100 

Coarse  sand • 0 

** Black  slate  rock" 30 

Sand,  water-bearing _ 25  to  30 

Of  these  four  wells,  the  first  drilled  is  now  closed,  and  the  remf^ fil- 
ing three  discharge  collectively  about  10  gallons  per  minute.  T'lie 
wells  are  8  inches  in  diameter  at  the  top,  but  are  said  to  decrease  to 
6  inches,  and  again  to  2  inches  toward  the  bottom. 

The  wells  are  a  failure  so  far  as  supplying  the  town  is  concemed, 
but  it  is  evident  that  if  casings  could  be  introduced  their  efficieii<^y 
would  be  increased. 

Well  at  Garfield. — A  well  has  been  drilled  at  Garfield  with  tl 
hope  of  obtaining  artesian  water  for  the  town,  but  did  not  meet  wi<^ 
success.     The  well  is  reported  to  have  been  drilled  to  a  depth  of  al)Oi 
300  feet  with  a  6-inch  bit,  and  afterwards  enlarged  by  excavating 
8  feet  to  a  depth  of  100  feet.     From  this  well  water  is  now  puinp^' 
for  the  supply  of  the  town.     The  excavated  portion  of  the  well  pj 
through  earth  and  bowldera;  apparently  the  upper  part  of  this  mat 
rial  is  a  stream  deposit  and  the  lower  portion  disintegrated  basaL 
Below  the  open  well  the  drill  passed  through  "honeycomb"  rock; 
this  is  probably  meant  much-jointed  and  possibly  scoriaceous  basaL 

James  Walter\s  well. — Three   miles  northeast  of  Garfield,  at  th'^^  ^ 
residence  of  Mr.  James  Walter,  a  drilled  well  113  feet  deep  was  con*^*-" 
pleted  in  1802.     This  is  a  flowing  well,  and  discharges  a  stream  ^^^ 
water  1:J:  inches  in  diameter.     The  section  passed  through  is  report 
by  Mr.  Walter  as  follows: 

Poet 

Dirt 16 

Basalt 65 

Blue  clay : . . .  5  to  6  «  * 

Gray  clay 5  to  6  t 

Hard  cement 2  •  '^ 

Blue  and  yellow  clay,  with  quicksand,  water-bearing 10  to  12  ■  ^ »  i 

The  surface  of  the  ground  at  the  locality  where  this  well  was  drilled  I  ^_^ 

is  reported  to  be  higher  than  Garfield,  but  no  measure  of  its  elevation  I  ^^ 

is  available.  I  ^'- 

Other  tveJIs. — Incomplete  reports  have  been  obtained  of  not  fewer  I  .^ 

than  a  score  of  wells,  in  addition  to  those  mentioned  above,  in  a  belt  ■  .^ 

of  country  about  15  miles  wide,  extending  northward  from  near  Snake  |  ^ 
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r,  along  the  eaHtern  border  of  Washington.  The  time  available 
laking  a  personal  examination  of  this  region  was  sew  limited  that 

more  than  the  facts  here  reported  could  be  obtained, 
e  saccess  which  has  followed  a  large  number  of  the  attempts 
/dy  made  to  obtain  artesian  water  in  this  region,  and  the  facts 
led  concerning  the  nature  and  relations  of  the  rocks,  certainly 
•.ate  that  artesian  water  can  be  had  at  a  moderate  depth  over  a 

extent  of  rich  agricultural  land. 

le  western  border  of  the  region  in  which  artesian  water  can  be 
is  indefinite.  The  region  to  the  west  of  a  north-and-south  line 
ing  through  Garfield,  including  the  greater  part  of  Whitman 
ity  and  all  of  Adams  and  Franklin  counties,  is  geologically 
30wn,  except  so  far  as  the  conditions  there  prevailing  can  be 
:ed  from  what  has  been  seen  in  adjacent  areas.  Whether  test 
5  have  been  put  down  in  this  region  or  not  I  have  failed  to  learn, 
lere  is  no  definite  evidence  in  hand  to  show  that  the  sands  and 
s  penetrated  at  Pullman,  Garfield,  etc.,  extend  far  westward,  but 
reasonable  to  suppose  that  such  is  the  case.     It  is  probable  also 

layers  of  clay  and  sand  exist  lower  in  the  series  than  those  pene- 
3d  at  Pullman,  which  may  furnish  similar  conditions  in  the  region 
le  west. 

3sides  the  presence  or  absence  of  pervious  and  impervious  layers, 
ilip  of  the  beds  and  the  depth  to  which  they  have  been  dissected 
treams  have  also  to  be  considered.  While  there  seems  a  proba- 
y  that  artesian  wells  may  be  had  over  a  wide  extent  of  country  to 
west  of  the  region  at  present  explored,  lack  of  definite  information 
kerning  that  region  makes  it  impossible  for  one  to  form  an  opinion 
lis  connection. 

ARTESIAN  CONDITIONS  SOUTH   OF  SNAKE   RIVER. 

le  question  of  obtaining  artesian  wells  in  that  portion  of  Wash- 
on  which  lies  south  of  Snake  River  resolves  itself  into  two  eon- 
rations  with  reference  to  source  of  supply;  First,  can  water  be 
under  conditions  similar  to  those  existing  at  Pullman  from 
:a  leading  westward  from  the  mountains  of  Idaho  ?  Second,  are 
e  water-bearing  strata  dipping  away  from  the  Blue  Mountains? 
ith  reference  to  the  first  of  these  questions,  it  is  to  bo  remem- 
d  that  Snake  River  Canyon  cuts  off  all  possible  sources  of  supply 
minimum  depth  of  about  2,000  feet  below  the  general  surface  of 
basaltic  plateau.  We  have  only  indefinite  evidence  as  to  the 
ire  of  the  rocks  below  the  level  of  Snake  River.  As  the  basaltic 
rs  exposed  in  the  canyon  of  that  river  are  nearly  horizontal,  it  is 
ent  that  the  artesian  head  for  any  porous  layers  which  may  exist 
w  the  horizon  of  the  river  would  be  low.  The  manner  in  which 
series  of  horizontally-  bedded  basaltic  sheets  abuts  against  the 
amorphic  rocks  on  the  east  renders  it  extremely  improbable  that 
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any  deeply  seated  porous  stratum  could  be  water-charged  in  suc^^Mx  a 
manner  as  4o  make  it  a  source  of  artesian  water. 

The  considerations  just  indicated  are  of  such  weight  that  tl^^^xe 
seems  no  need  of  hesitation  in  declaring  it  useless  to  hope  for  succ^^ss 
in  drilling  wells  in  the  region  south  of  Snake  River  with  the  Aie%^-  of 
obtaining  water  from  sources  similar  to  those  which  supply  the  w^e^lis 
in  the  neighborhood  of  Pullman. 

Turning  to  the  second  possible  source  of  artesian  water  8Uggest€<l, 
namely,  the  Blue  Mountains,  we  find  that  the  rocks  dip  away  from 
that  uplift,  and  also  that  they  are  abundantly  water-charged.     I^^o 
of  the  primary  conditions  requisite  for  obtaining  subterranean  water 
under  pressure  are  thus  fulfilled.     Inquiries  in  at  least  two  other 
directions  must  be  made,  however,  before  a  conclusion  can  be  reached. 
These  are:  Fii*st,  are  there  layers  of  clay  and  sand  interbedded  with 
the  basalt?  and  second,  have  the  rocks  been  so  deeply  dissected  by 
streams  as  to  allow  pervious  beds,  if  they  exist,  to  be  drained? 

Beds  of  clay  and  of  fragments  of  volcanic  rock  (lapilliand  volcanJ^ 
dust)  interbedded  with  basalt  occur  in  the  neighborhood  of  AsotiTi, 
and  possibly  extend  southwestward  and  westward,  but  no  exposur^^ 
of  these  layers  were  seen  by  me  in  the  Blue  Mountains.     My  exanrH' 
nation,  however,  was  not  suflficiently  detailed  to  Drove  that  they  a*''® 
there  absent. 

The  material  forming  the  clay  beds  referred  W)  was  derived  from  tto^ 
mountains  of  Idaho  before  the  cutting  of  Snake  River  Canyon,  ax"»^ 
probably  thin  out  westward.     No  layers  of  sand  like  the  one  yieldlx*^^ 
water  at  Pullman  are  known  to  occur  beneath  the  clays,  and  t 
strata  of  lapilli  and  volcanic  dust  are  not  sufficiently  porous  to 
classed  as  water-bearing  strata.     It  is  thus  exceedingly  doubtful    ^^ 
the  succession  of  beds  in  the  flanks  of  the  Blue  Mountains  affords  tl*^ 
arrangement  of  pervious  and  impervious  layers  necessary  for  an  arte- 
sian water  supply. 

With  reference  to  the  depth  to  which  the  rocks  forming  the  Blue 
Mountains  and  the  plateau  extending  northward  from  them  have  been 
dissected  by  streams,  it  will  be  remembered  that  djeep  erosion  has 
occurred.     In  the  mountains  there  is  a  veritable  labyrinth  of  canyons 
from  2,000  to  3,000  feet  deep.     This  deep  erosion,  however,  is  favor- 
able to  the  process  of  charging  with  water  any  pervious  layer  that     |'*; 
may  exist  in  the  flanks  of  the  range,  since  the  edges  of  the  layers  are 
exposed  to  the  rain  and  to  water  flowing  down  the  sides  of  the  canyons     |>^ 
or  percolating  through  the  soil  that  mantles  the  cut  edges  of  the  strata. 

The  canyons  leading  northward  from  the  Blue  Mountains  soon 
increase  in  depth,  and  the  plateau  in  the  northern  portions  of  Garfield 
and  Columbia  counties  is  deeply  dissected.  Evidently  any  porous 
strata  that  are  cut  by  these  canyons  could  not  contain  water  under 
pressure.  The  only  possible  hope  for  obtaining  artesian  water  in  the 
counties  just  mentioned  is,  therefore,  below  the  level  of  the  canyon 
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bottoms.  The  expense  of  drilling  wells  from  500  to  2,000  feet  deep 
through  basalt,  as  would  of  necessity  be  the  case  on  the  fragments  of 
the  plateau  remaining  between  the  streams,  even  if  success  at  these 
depths  were  assured,  would  preclude  the  use  of  water  thus  obtained 
for  irrigation. 

In  the  canyons  there  is  a  chance  that  artesian  water  might  be  reached, 
but  the  conditions  are  so  uncertain  that  the  experiment  of  sinking 
wells  below  a  depth  of  100  or  200  feet  should  not  be  made,  except  as  a 
last  resort.  The  more  practical  and  entirely  feasible  method  of  iitiliz- 
ing  the  surface  streams  within  the  canyons  makes  it  unwise  to  incur 
ex{)en8e  in  the  search  for  subterranean  water.  The  possibility  of 
obtaining  wat«r  from  the  alluvium  of  the  canyons  will  be  referred  to 
later. 

In  the  valley  of  the  Walla  Walla,  in  a  general  way  westward  of  a 
line  connecting  the  cities  of  Walla  Walla  and  Milton,  Oregon,  there 
is  an  absence  of  canyons.     In  this  region,  also,  there  is  at  least  one 
clay  stratum  interbedded  with  the  basalt,  but  no  evidence  of  the  pres- 
ence of  layers  of  sand  has  been  obtained.     This  is  the  onl}^  region  in 
Washington  south  of  Snake  River  where  the  hasty  examination  I  have 
been  able  to  make  suggests  the  possibilit}'^  of  obtaining  artesian  water 
at  reasonable  expense  and  where  there  are  lands  available  for  farming. 
Even  in  this  region  the  certain  metho<l  of  utilizing  the  abundant  sur- 
face water  is  much  to  be  preferred  to  the  uncertainty  of  attempting 
to  obtain  flowing  wells.     The  geological  conditions  in  the  valley  of  the 
Walla  Walla  are  not  such  as  to  warrant  the  prediction  that  success 
^ould  follow  the  drilling  of  a  well,  but  simply  that  there  is  a  possibility 
^f  success.     The  best  locality  for  drilling  a  test  well  in  this  region  is 
^^  the  vicinity  of  Whitman.     A  trial  made  at  Walla  Walla  would 
^'"obably  be  equally  decisive.     At  Whitman  a  depth  of  150  to  200  feet 
^^  surface  material  would  probably  have  to  be  passed  through  before 
^^Gk  in  place  would  be  reached,  but  in  this  upper  portion  of  the  sec- 
'^n  flowing  water  is  likely  to  be  met.     At  Walla  Walla  the  superficial 
T^^terial — the  bowlder  and  gravel  of  Mill  Creek — is  apparentl}^  not 
^^^p  and  might  also  yield  flowing  water. 
3n  order  to  test  the  possibility  of  obtaining  water  at  Walla  Walla  I 
,^^ould  favor  the  project,  already  proposed,  of  drilling  a  well  at  the 
^^^te  penitentiary.     To  make  the  test  conclusive,  the  proposed  well 
^^ould  be  drilled  to  a  depth  of  500  feet,  if  flowing  water  is  not  obtained 
^arer  the  surface. 

WELLS  IN  ALLUVIUM. 

There  are  flowing  wells  of  another  class  that  require  mention,  but 
^^hich  are  scarcely  to  be  classed  with  true  artesian  wells. 

The  deposits  made  in  stream  channels  and  over  flood  plains  are 

Xisually  composed  of  irregular  layers  of  bowlder,  gravel,  sand,  clay, 

^tc.,  through  which  the  stream  waters  percolate.     The  water  in  the 

pervious  layers  is  sometimes  under  moderate  pressure  and  will  rise 
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I  the  surface  when  wells  are  dug.     The  pervious  beds  are  usuall^^^^ 
fregular  and  of  small  extent,  and  their  water  supply,  being  f  urnish^^^^ 
yy  the  stream  which  deposited  them,  varies  with  changes  in  the  volun 
of  the  stream.     No  one  can  tell,  without  making  practical  test,  whetl^^. 
the  percolating  waters  in  an  alluvium-filled  valley  will  rise  to  t-lii^ 
surface   or   not.      The  best  way  to  search  for  such  waters,  wh^r^ 
the  alluvium  does  not  contain  large  bowlders,  is  by  driving  pit>os 
into  tlie  ground.     Where  bowlders  1  foot  to  2  or  3  feet  in  diame^ter 
are  met  with,  driven  wells  are  impracticable.     It  is  also  difficult  and 
expensive  to  drill  through  deposits  of  bowlders,  so  that  the  only  prac- 
ticable method  seems  to  be  to  make  the  excavation  by  hand.     In  some 
instances,  when  a  strong  flow  of  water  is  reached,  if  the  bottom  of  the 
well  is  covered  with  cement,  through  which  a  pipe  is  inserted  leading 
to  the  surface,  a  surface  flow  may  be  obtained. 

As  is  well  known,  the  bottom  of  many  of  the  canyons  leading  froxn 
the  Blue  Mountains  are  deeply  fiUed  with  alluvium,  in  which  watoT 
may  he  obtained.     An  excellent  method  of  conducting  the  percolating 
water  of  alluvial  deposits  to  the  surface  and  making  them  availabX^ 
for  use  lower  down  the  valley  in  which  they  occur,  without  purapinj 
is  in  operation  at  Walla  Walla. 


WATERWORKS   AT   WALLA  WALLA.. 

Walla  Walla  is  now  supplied  with  water  from  infiltration  ditch< 
prepared  in  the  coarse  gravel  that  forms  the  flood  plain  of  Mill  Creel 
about  a  mile  above  the  central  part  of  the  town.     The  water  from  tl 
infiltration  ditches  is  conducted  into  reservoirs,  from  which  it  is  di 
tribiited  by  gravity.     The  fall  of  Mill  Creek  in  the  vicinity  of  Wal  1  ^ 
Walla  is  03  feet  per  mile.     This  rapid  descent  makes  it  possible 
locate  reservoirs  near  the  town.     The  infiltration  ditches  are  dug 
open  ditches  to  a  depth  of  from  12  to  15  feet.     At  the  bottom 
inverted  trough  made  of  planks  is  placed  and  covered  with  cle^a* 
gravel  to  the  depth  of  several  inches.     The  gravel  also  fiUs  the  spao^ 
between  the  sides  of  the  inverted  trough  and  the  undisturbed  materii*^ 
forming  the  walls  of  the  ditch.     The  material  removed  in  digging  th^ 
ditch  is  then  replaced.     The  use  of  tiles  in   place  of  the  invertec/ 
wooden  trough  would  have  advantages,  but  would  be  more  expensive. 

The  infiltration  ditches  are  located  at  angles  of  30°  to  40°  with 
the  direction  of  slope,  and  trend  upstream.     The  water  percolating 
through  the  gravel  enters  the  inverted  troughs  from  below  and  also 
flows  through  the  loose  gravel  covering  them,  and  is  conducted  to 
reservoire.     The  length  of  the  infiltration  ditches  varies.     As  an 
example  of  their  efficiency  I  insert  the  following  information,  fur- 
nished by  the  superintendent  of  the  waterworks,  concerning  what 
termed  "Reservoir  No.  2."    This  reservoir  is  a  tank  excavated 
the  gravel,  but  not  lined,  and  sheltered  by  a  timber  and  shingle 
It  is  rectangular,  measures  51  by  90  feet  on  the  sides,  and  is  10 
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►.  Two  infiltration  ditches  lead  to  this  tank,  one  500  and  the 
r  800  feet  long.  These  discharge  during  the  summer  season  about 
300  and  420,000  gallons,  respectively,  per  day. 
lere  are  two  other  reservoirs  of  similar  dimensions,  supplied  in 
manner.  The  water  reaching  the  reservoir  is  thoroughly  filtered, 
at  present,  as  shown  by  sanitary  analyses,  is  wholesome  and  of 
rgreeable  temperature. 

tiis  method  of  obtaining  a  water  supply  is  recommended  for  its 
lomy,  and  on  a  smaller  scale  might  be  advisable  in  many  instances 
farm  purposes,  in  place  of  wells  now  commonly  in  use.  The 
antages  over  surface  wells  are  that  the  water  supply  may  be  drawn 
^  a  distance  from  sources  of  contamination,  and  when  properly 
mged  the  trouble  and  expense  of  pumping  are  avoided. 
he  only  objection  that  can  be  suggested  to  this  method  of  supply- 
towns  or  residences  with  water  is  that  it  comes  from  superficial 
osits  and  is  in  danger  of  contamination  from  houses,  stables,  etc., 
ated  upstream  from  where  the  infiltration  ditches  are  located, 
countries  of  small  rainfall,-  where  the  streams  are  greatly  lowered 
iTig  the  summer,  the  dangers  from  these  sources  are  multiplied. 
9  oi'  10  miles  above  Walla  Walla  the  narrow  canyon-like  valley 
tf ill  Creek  is  occupied  somewhat  thickly  by  farmhouses  and  sta- 
i.  Contamination  of  the  city  water  supply  from  these  sources  is  a 
•*tant  menace. 

CONCLUSIONS. 

I 

lie  results  of  the  hasty  examination  of  the  geology  of  southeastern 
ehington  here  reported  on,  so  far  as  the  quastion  of  artesian  water 
oncemed,  may  be  briefly  summed  up  as  follows:  In  the  Palouse 
utry  there  are  reasons  for  believing  that  the  area  in  which  artesian 
■^r  has  been  found  will  be  broadened  westward.  South  of  Snake 
er  there  is  no  evidence  that  success  would  accompany  the  drilling 
Veils  on  the  uplands.  In  the  canyon  bottoms  there  is  a  possibility 
finding  artesian  water,  but  further  than  this  the  study  of  the 
•logy  does  not  offer  suggestions,  except  of  an  adverse  character. 
e  chances  of  failure  far  outbalance  the  chances  of  success.  To  the 
thwest  and  west  of  the  Blue  Mountains — more  definitely,  in  the 
ley  of  the  Walla  Walla  westward  from  a  line  joining  the  towns 
ilia  Walla  and  Milton,  and  possibly  extending  some  distance  into 
)gon — the  conditions  are  more  favorable  than  elsewhere  in  Wash- 
ton  south  of  Snake  River  and  warrant  the  drilling  of  a  test  well 
uld  the  demand  for  water  be  great.  Even  in  this  most  favorable 
%y  however,  I  should  recommend  the  full  utilization  of  the  streams 
the  storage  of  the  winter  run-off  before  attempting  to  obtain  arte- 
i  water  for  irrigation  purposes. 
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AN  OUTL.INE  SKETCH  OF  THE   GEOIiOGICAIi  HISTORY  OF 

SOUTHEASTERN  WASHINGTON. 

Of  the  ancient  geological  history  of  Washington  but  little  is  known. 
The  northern  portion  of  the  Cascade  Mountains,  as  shoi^Ti  recently 
by  Bailey  Willis,  is  largely  composed  of  metamorphic  rocks.  Similar 
rocks  occur  about  Lake  Chelan  and  north  of  the  Big  Bend  of  the  Co- 
lumbia and  of  the  lower  portion  of  Spokane  River.  From  Spokane 
the  hills  formed  of  these  metamorphic  rocks  extend  southward  along 
the  Washington-Idaho  boundary,  and  from  them  the  mount^iinsof 
western  Idaho  have  been  sculptured. 

The  rocks  just  referred  to  as  being  of  metamorphic  character — that 
is,  greatly  changed  by  heat  and  heated  solutions  from  their  original 
condition — were  in  many  instances  of   sedimentary  origin,  but  are 
now  granite,  schist,  quartzite,  etc.     The  granites,  however,  may  be 
in  part  of  igneous  origin — that  is,  were  once  in  a  molten  condition — 
but  of  this  no  direct  evidence  has  been  observed.     The  plac«  in  the^ 
earth's  history  where  these  rocks  belong  is  unknown,  but  their  crys- 
talline condition  suggests  that  they  are  very  old,  and  possibly  belons' 
to  the  series  termed  Archean.     The  resemblance  of  metamorphic^ 
rocks  in  one  region  to  similar  rocks  at  a  distance  is  an  uncertairziL 
basis  for  classification,  however,  for  the  reason  that  strata  belonginj 
to  widely  different  periods,  when  changed  by  heat  and  heated  water^ 
produce  granites,  schists,  etc.,  having  the  same  characteristics.     Sont^ 
of  the  granites  of  the  Pacific  Coast  are  known  to  be  of  comparativel, 
recent  geological  date. 

The  structure  of  the  rocks  of  the  metamorphic  regions  of  Washinj 
ton — that  is,  the  positions  which  the  rocks  occupy,  whether  folded 
contorted,  broken,  etc. — is  not  well  known,  although  it  is  easily  see? 
that  those  which  fetill  retain  evidence  of  bedding,  and  were  withocM-t 
question  originally  in  horizontal  sheets,  have  been  upturned  and  ber^-t 
into  great  folds.     Throughout  the  metamorphic  regioii  the  counti^^^ 
is  mountainous,  and  much  of  the  geological  history  of  the  region  i^s 
recorded  in  their  forms.     The  valleys  have  been  carved  out  of  tto-® 
upraised  mountain  masses,  and  each  dome  and  crest  has  been  slowl^    y 
fashioned  by  rain,  frost,  wind,  and  rills  into  it«  present  transien^^^ 
shape.     The  depth  to  which  the  valleys  have  been  excavated  and  th—- ^^^ 
forms  of  the  bordering  hills  show  that  the  mountains  are  old  an^  ^ 
have  formed  a  land  surface  for  geological  ages. 

In  comparatively  recent  geological  times  the  mountains  of  northeri^"^ 
Washington  and  eastern  Idaho,  although  probably  higher  and  moi 
rugged  than  now,  had  their  present  general  outlines,  but  the  centra 
and  southern  portions  of  the  Cascades,  as  well  as  the  Coivst  Range^  ^^ 
were  as  yet  unborn.  The  country  south  of  the  southward-facing^ 
semicircle  of  mountains,  embracing  the  present  great  plain  o9^ 
the  Columbia  and  southeastern  Washington,  was  low  and  partially***^ 
submerged   at  times   beneath  the   sea.     This  vast  low-lying  area. 
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U^ether  with  the  surrounding  mountains,  was  clothed  with  varied 
and  beautiful  forests,  resembling  those  of  the  South  Atlantic  States 
at  the  present  day.  In  this  valley  region,  which  extended  far  south, 
there  were  lakes  and  swamps  in  which  vegetable  matter  accumulated 
and  was  later  changed  to  coal.  Some  of  this  coal  is  now  mined  at 
Roslyn.  The  luxuriant  vegetation,  a  part  of  which  has  been  pre- 
served as  coal,  furnished  food  and  shelter  for  a  variety  of  animals,  no 
near  relatives  of  which  are  living  at  the  present  day. 

This  age,  when  almost  subtropical  conditions  prevailed,  was  in  the 
early  Tertiary.  As  time  passed,  the  lakes  became  filled  with  sedi- 
ment, and  much  of  the  region  sank  beneath  the  sea.  Clays  and  sands 
were  spread  out  which  have  since  hardened  into  rock.  Upheaval 
brought  these  once  level  sheets  of  ix)ck  above  the  sea  and  raised  them 
into  a  mountain  r^nge — the  southern  Cascade.  In  central  Washing- 
ton these  early  Tertiary  rocks  were  eroded,  and  outbreaks  of  volcanic 
enei^  caused  lava  sheets  to  be  spread  over  them.  Fissures  opened 
in  the  earth's  crust,  and  molten  rock  was  poured  forth  in  such  won- 
drous abundance  that  thousands  of  square  miles  of  valley  lands  were 
inundated  by  the  fiery  floods.  The  lavas  were  similar  to  those  poured 
out  within  the  past  few  years  by  the  volcanoes  of  the  Hawaiian  Islands 
and  other  regions.  The  molten  rock  was  highly  liquid,  flowed  rap- 
*%,  and  spread  out  in  sheets  of  broad  extent.  On  cooling,  it  formed 
^^^  dense,  black  basalt  now  so  familiar  throughout  central  and  south- 
eastern Washington.  This  is  the  Columbia  lava,  so  frequently  men- 
^Joued  on  the  preceding  pages. 

V'ast  outwellings  of  molten  rock  occurred  at  intervals  throughout 
*  period  embracing  many  hundreds  and  probably  many  thousands  of 
years.    The  time  between  successive  flows  was  sufficiently  long,  in 
^^nxerous  instances,  to  allow  the  surface  of  the  cooled  and  hardened 
*ava  to  crumble  and  decay  under  the  action  of  the  atmosphere  and 
■^^m  soils  on  which  forests  of  oak  and  pine  took  root  and  flourished. 
*^  some  instances  abundant  showers  of  volcanic  dust,  similar  in  char- 
*<iter  to  the  fine  dust-like  material  blown  out  by  many  volcanoes  in 
^^istoric  times,  covered  the  land  and  buried  the  still  erect  trees.     Later 
*^va  sheets  were  spread  over  the  entombed  forests,  and  in  some  locali- 
ties charred  the  trees  and  changed  them  to  charcoal.     When  the  trees 
^ere  so  protected  by  their  covering  of  volcanic  dust  that  they  were 
^ot  directly  influenced  by  the  heat  of  the  lava  that  flowed  over  them, 
bleated  waters  brought  silica  to  them  in  solution,  and  they  were  changed 
to  stone.     The  stumps  of  these  silicified  or  fossilized  trees,  still  stand- 
ing as  they  grew,  may  be  seen  in  the  sides  of  the  canyons  that  streams 
liave  cut  in  the  thick  pile  of  lava  sheets.     The  replacement  of  the 
wood  in  these  buried  forests  by  silica,  usually  in  the  form  known  as 
opal,  was  so  complete  that  not  only  the  grain  of  the  wood  but  each 
duct  and  cell  is  preserved,  and  when  examined  in  thin  sections  under 
the  microscope  it  appears  as  perfect  as  the  wood  of  a  living  tree. 
Lava  flow  succeeded  lava  flow  until  the  vast  valley  region  embraced 
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to  the  overloading  of  the  streams  with  debris  furnished  by  glacier^^ 

and  by  swollen  mountain  streams.     The  cause  of  this  change  was  clL 

matic.     During  the  Glacial  epoch  Washington  and  Idaho,  in  commo 
with  the  northern  half  of  the  continent,  had  a  colder  and  more  Immi 
climate  than  now.     The  streams  flowing  from  the  mountains  were  thi»  s 
enlarged,  and  more  earth  and  stones  were  swept  into  the  channels  «z>f 
the  main  streams  than  they  could  transport. 

The  great  climatic  change  which  caused  about  one-half  of  the  Nprt:li 
American  Continent  to  be  covered  with  glacial  ice  left  no  records  in 
southeastern  Washington  except  those  briefly  referred  to.  Glaciers 
existed  on  the  mountains  of  Idaho  and  Washington,  but  did  not  invacle 
that  portion  of  the  basaltic  plateau  now  included  within  the  bound«^- 
ries  of  Washington  except  locally  at  the  northwest  border  of  the  B  ig 
Bend  country.  This  advance  of  ice  from  the  Okanogan  country  across 
the  canyon  of  the  Columbia  dammed  that  mighty  river  and  caused  it 
to  flow  across  the  great  plain  of  the  Columbia,  through  the  remark- 
able gorge  known  as  the  Grand  Coulee. 

Since  the  Glacial  epoch  the  streams  have  shrunk  in  volume,  owing 
to  the  combined  effects  of  a  decrease  in  pi'ecipitulion  and  an  increa^t© 
in  the  rate  of  evaporation,  and  in  their  weakened  condition  they  ha'V"^ 
scarcely  done  more  than  recut  their  channels  through  the  gravel  atx<^ 
sand  previously  deposited  in  them. 

The  vast  amount  of  work  performed  by  Snake  River  previous  to  i 
Glacial.epoch,  the  halt  in  the  task  due  to  overloading,  and  the  sl(^ 
rate  at  which  the  weakened  stream  has  been  able  to  renew  its  task  5 
recent  centuries,  all  indicate  that  the  time  required  for  excavating  11:  ^"-^ 
canyon  has  been  long.  We  have  no  accurat-e  measure  of  this  tim-  ^^'^ 
but  it  is  safe  to  say  that  it  embraced  millions  of  years. 

The  sheets  of  Columbia  lava  were  essentially  horizontal  when  th 
were  spread  out,  and,  so  far  as  known,  the}'^  were  not  disturbed  un 
after  the  volcanic  eruptions,  to  which  they  are  due,  came  to  an  en 
Movements  in  the  earth's  crust  occurred  at  a  later  date,  however,  hi 
the  thick  series  of  basaltic  layers  were  broken  into  blocks  measurin: 
many  miles  on  their  sides,  and  these  were  variously  tilted.     Th 
breaking  and  tilting  occurred  principally  to  the  westward.     Some 
the  tilted  blocks  extend  far  up  on  the  eastern  border  of  the  Cascac 
Mountains,  showing  that  the  central  and  southern  portions  of  th 
magnificent  range  have  been  upraised   since   the  period  when  tl 
Columbia  la^  a  was  poured  out. 

In  southeastern  Washington  the  basalt  has  suffered  but  little  fro 
the  forces  producing  elevations  and  depressions,  and  over  extensiv 
areas  the  hardened  lava  is  still  horizontal.  The  portion  of  the  lav 
forming  the  Blue  Mountains  has  been  elevated  into  a  broad,  low,  fla 
topped  dome,  on  the  flanks  of  which,  so  far  as  has  been  learned,  t 
beds  of  basalt  dip  away  gently  in  all  directions.  The  movements  th 
have  produced  these  more  general  changes  in  the  relief  of  the  basal 
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)vered  country  are  probably  still  in  progress,  as  is  indicated  by  the 
anner  in  which  Walla  Walla  River  is  grading  up  its  valley  at  the 
jstern  base  of  the  Blue  Mountains. 

The  surface  of  the  basaltic  plateau,  which  is  by  far  the  larger  part 
southeastern  Washington,  as  already  stated,  remained  nearly  hori- 
ital,  and  during  the  vast  lapse  of  time  that  witnessed  the  excavation 
Snake  River  Canyon  slowly  yielded  to  the  destructive  influences  of 

>  air  and  of  percolating  waters  and  crumbled  to  a  porous  soil.  The 
>th  of  the  products  of  disintegration  and  decay  is  in  many  places 
to  80  feet.  In  fact,  over  hundreds  of  square  miles  the  average 
>th  of  the  fine,  yellowish,  dust-like  material  forming  the  surface 
er  of  rich  agricultural  districts  is  as  great  as  the  amount  just  stated. 
.^e  surface  of  the  nearly  level  plateau  has  been  roughened  by 
>am  erosion,  but  its  plateau  character  not  destroyed.  Numerous 
el-floored  valleys  without  stream  channels  bear  evidence  that  the 
nfall  was  formerly  more  abundant  than  now.  The  stream-cut  can- 
is  and  valleys  have  been  partially  filled  with  fine  soil,  washed  from 

adjacent  hills  or  blown  from  the  uplands  by  the  wind.  The  minor 
►ographic  features  of  the  plateau,  although  due  in  the  main  to 
Bam  erosion,  have  been  modified  to  an  appreciable  and  sometimes 
*  marked  extent  by  the  action  of  the  wind.  • 

t  is  from  the  soil  formed  by  the  slow  disintegration  and  decay  of 
Baltic  rocks  that  the  millions  of  bushels  of  wheat  raised  each  year 
eastern  Washington  are  obtained.     The  sending  of  wheat  from 

>  State  of  Washington  to  the  famishing  people  of  India,  which  has 
ently  been  done,  is  rendered  possible  because  ages  ago  volcanic 
ks  capable  of  furnishing  a  w^onderfully  rich  soil  inundated  the 
•tiary  lowlands  where  now  "rolls  the  Oregon."  The  splendid 
^1*  power  at  Spokane  and  the  marvelous  growth  of  that  charming 
"  Can  be  traced  to  a  climatic  change  which  caused  the  valley  in 
cU  it  is  situated  to  become  deeply  filled  with  stream  deposited 
^^el.  When  the  bright,  swift-flowing  waters  were  enabled  to  clear 
their  channel,  Ihey  did  not  rediscover  their  former  course  at  all 
^t«,  but  cut  across  rocky  spurs  projecting  from  the  sides  of  the  old 
^5^.  One  such  occurrence  gave  Spokane  its  beautiful  cascade. 
^y  other  illustrations  of  the  influence  of  events  in  the  geological 

geographical  history  of  Washington  which  bear  directly  on  the 
^strial  and  intellectual  development  of  the  present  generation 
Ht  be  cited. 

^  closing  this  report  of  a  hasty  reconnoissance,  I  wish  to  stat«  that 
studies  thus  far  made  of  the  geology  of  Washington  show  that  it  is 
only  one  of  the  most  interesting  States  in  the  Union  to  the  geolo- 
'  and  geographer,  but  that  it  is  also  rich  in  mineral  and  other 
^Xirces. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 

Washington,  March  S,  1S97. 

Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  "Irri- 
gation Practice  on  the  Great  Plains,"  by  Prof.  E.  B.  Cowgill,  and  to 
recommend  that  it  be  published  in  the  series  of  papers  upon  water 
supply  and  irrigation.  Professor  Cowgill's  experience  as  a  practical 
farmer  and  irrigator  and  as  the  editor  of  an  agricultural  paper  renders 
liis  observations  upon  irrigation  practice  of  especial  value  in  discus- 
sions of  the  methods  of  utilizing  the  water  resources  of  semiarid  areas. 
Very  respectfully, 

F.  H.  Newell, 
Hydrographer  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 


IRRIGATION  PRACTICE  ON  THE  GREAT  PLAINS. 


By  E.  B.  Cowgill. 


GENERAL  STATEMENT. 

The  characteristics  of  topography  and  climate  which  influence  the 
practice  of  irrigation  on  the  Great  Plains  may  be  summed  up  in  the 
general  statement  that  the  land  is  usually  smooth,  the  soil  extremely 
deep  and  fertile,  the  rainfall  scanty  and  irregular,  the  sunshine 
abundant,  and  the  water  supply  variable  and  uncertain.  In  seasons 
of  unusual  rainfall  a  stranger  entering  western  Kansas  is  astonished 
that  a  land  of  such  remarkable  productiveness  has  been  almost 
abandoned  since  its  first  settlement.  Coming  again  after  a  season  of 
deficient  rainfall  he  would  be  equally  surprised  that  anyone  could 
have  been  tempted  to  try  to  make  a  living  on  the  barren  prairies. 
Happening  upon  a  spot  where  irrigation  is  practiced,  he  at  once 
appreciates  the  enormous  importance  that  water  bears  to  the  success- 
ful settlement  of  the  country,  for  there  agriculture  on  a  small  scale  is 
profitable  no  matter  what  may  be  the  character  of  the  season;  there 
all  of  the  elements — soil,  sunshine,  and  water — combine  to  produce  a 
fruitful  increase  of  plant  life. 

The  water  supply  of  the  region,  at  best  scanty,  is  yet  ample  for  the 
development  of  considerable  areas,  far  greater  than  are  at  present 
occupied.  In  this  paper  it  is  not  proposed  to  discuss  what  or  where 
these  sources  are,  but,  assuming  that  water  is  to  be  had  from  surface 
streams,  storm  waters,  or  wells  or  other  underground  sources,  the 
attempt  is  made  to  describe  in  a  general  way  to  the  farmers,  espe- 
cially to  those  who  have  not  practiced  irrigation,  the  methods  of 
controlling,  storing,  distributing,  and  applying  the  waters  to  the  cul- 
tivated fields.  It  is  recognized  that  no  description  can  ever  take  the 
place  of  actual  experience,  but  it  is  possible  to  give  general  directions 
which  the  individual  farmer,  by  experiment  and  observation,  can 

adapt  to  his  i>eculiar  needs. 
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RESERVOIRS    FOR   STORM   WATERS. 

Artificial  reservoirs  have  oeen  founa  a  necessity  in  the  irrigation 
of  the  plains.  Storm  waters  can  not  be  controlled  or  directed  upon 
the  land  as  they  fall.  They  run  off  from  the  hard,  sun-baked  prairies 
in  torrents,  especially  in  those  portions  of  the  country  where  reliance 
must  be  placed  chiefly  on  such  waters.  For  the  storage  of  this  water 
reservoir  sites  are  easily  found,  and  are  usually  selected  with  a  view  to 
impounding  the  wat^r  from  a  considerable  drainage  area.  The 
retaining  dams  are  of  various  sizes,  according  to  the  needs  and  the 
means  of  the  persons  constructing  them.  A  reservoir  to  contain  an 
acre  or  so  of  water  is  easily  made  .by  placing  an  earthen  dam  across 
the  outlet  of  the  drainage  area,  even  though  the  slopes  may  be  very 
gradual.  The  dam  has  not  usually  to  be  built  very  high,  and  the 
principal  precaution  necessary  is  to  provide  against  washing  out  in 
time  of  freshet.  The  larger  reservoirs  differ  in  no  essential  from  the 
smaller,  except  that  the  sites  must  be  selected  with  reference  to 
larger  areas  of  drainage,  and  the  dams  usually  require  more  work, 
both  as  to  engineering  and  construction. 

A  typical  example  of  this  kind  is  the  reservoir  of  George  M.  Mun- 
ger,  of  Greenwood  County,  Kansas.  Mr.  Hunger  is  engaged  exten- 
sively in  orcharding,  having  500  acres  of  fruit  trees  ready  to  bear. 
Notwithstanding  his  location  near  the  ninety-sixth  meridian,  far 
within  what  is  usually  designated  as  the  **rain  belt,"  he  has  con- 
cluded, after  careful  investigation  of  the  subject,  that  the  realization 
of  the  expected  profits  of  his  orchard  is  dependent  to  a  large  extent 
upon  the  artificial  application  of  water.  There  are  no  surface  streams 
near  from  which  to  obta»in  water  in  the  usual  way.  There  is  on  his 
farm,  however,  an  eligible  site  for  a  storm-wat-er  reservoir.  But  most 
of  his  orchard  and  farming  land  is  at  a  higher  level  than  the  reservoir 
site,  so  that,  after  collecting  the  water,  he  is  obliged  to  pump  it. 

The  accompanying  view,  PI.  I,  gives  the  relative  location  of  the 
orchard  and  source  of  water  supply.  The  storm  reservoir  can  be  seen 
in  the  distance  to  the  left,  while  between  it  and  the  orchard  is  the 
pumping  station.  The  ravine  in  which  the  dam  is  placed  runs  diag- 
onally through  the  farm.  The  sides  of  it  have  a  gentle  slope,  thus 
necessitating  the  construction  of  a  dam  of  considerable  length,  as 
shown  in  the  illustration,  PI.  II.  In  order  to  provide  a  safe  and  suf- 
ficient spillway,  it  was  necessary  to  build  the  dam  to  considerably 
larger  dimensions  than  would  otherwise  have  been  essential.  The 
topography  is  such  that  water  could  be  wasted  over  a  natural  ridge 
having  a  breadth  of  about  1,000  feet.  It  was  therefore  decided  to 
carry  the  dam  to  a  suflicient  height  above  this  ridge  to  hold  in  check 
any  freshet  of  unusual  size  and  turn  it  over  the  crest  of  this  depression. 

The  watershed  above  the  point  at  which  the  dam  is  located  is  about 
800  acres  in  extent.     The  valley  shows  by  wat^ermarks  that  the  high 
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floods  spread  out  to  the  width  of  about  300  feet.  The  dam  is  2,582  feet 
long,  192  feet  broad  at  the  widest  part  of  the  base,  and  a  little  less 
than  40  feet  at  the  highest  point  above  the  bottom  of  the  valley.  The 
estimated  area  of  water  when  full  is  160  acres,  and  the  estimated 
capacity  1,600  acre-feet.^  It  was  expected  that  two  years  of  average 
run-off  would  fill  the  reservoir. 

In  the  construction  of  the  dam,  which  was  built  exclusively  of 
earth,  the  sod  was  entirely  removed  and  placed  at  the  rear  face. 
The  old  water  channel  was  thoroughly  cleansed  of  the  washed-in 
gravel,  and  the  work  begun  with  new  earth.  The  soil  is  a  heavy  clay 
with  the  usual  variations,  including  probably  a  full  supply  of  gumbo 
and  alkali. 

The  matter  of  seepage  through  the  dam  and  the  method  of  correct- 
ing it  was  considered  by  Mr.  Munger,  who  states  in  general  terms 
that  while  the  authorities  on  the  construction  of  earthen  dams  recom- 
mend that  the  earth  be  especially  selected  for  the  face,  and  a  puddle 
trench  be  placed  in  the  heart  of  the  work,  it  seemed  difficult  to  formu- 
late a  scheme  for  so  doing  that  did  not  involve  too  great  expense. 
Earth  was  taken  as  it  came  in  the  borrow  pits,  and  in  each  successive 
pit  was  used  as  deep  as  it  could  readily  be  obtained.     All  earth  was 
taken  from  inside  the  work,  except  where  it  could  not  be  had  without 
too  great  a  haul.     Several  smaller  dams  had  been  previously  con- 
structed on  the  place,  and  in  each  and  every  place  there  was  a  seep- 
^e  along  the  toe  of  tlie  dam,  but  in  no  case  was  it  sufficient  to 
endanger  the  stability  of  the  work.     The  same  trouble  developed  in 
this  work,  and  on  account  of  the  magnitude  of  the  dam  it  was  deemed 
expedient  to  correct  it.     This  was  accomplished  by  running  a  per- 
'wauent  stone  drain  along  the  toe  of  the  dam,  grading  it  to  the  lowest 
point  possible,  and  running  laterals  to  every  seepy  spot  that  showed. 
The  result  was  very  satisfactory,  there  having  been  a  small  stream 
^^^ning  from  the  drain  constantly  since  its  construction,  but  now 
^ftterially  reduced  in  volume. 

The  original  estimate  shows  about  100,000  cubic  yards  as  the  earth 

^^^tents  of  the  dam,  but,  on  account  of  the  action  of  the  waves  on 

'^^  surface  of  the  dam,  it  was  found  that  the  estimate  was  consider- 

^ol^  exceeded.     It  was  found  impracticable  to  prevent,  by  riprapping, 

^^  water  from  bringing  the  face  of  the  dam  to  the  natural  grade,  so 

'*^H»t  no  protection  had  been  provided  against  the  action  of  the  waves 

^til  the  grade  determined  by  the  water  was  made,  when  the  face 

^    the  dam  was  riprapped  to  prevent  further  loss  of  earth  from  the 

^^%ion  of  the  waves. 

^  Except  for  the  fact  that  Mr.  Munger  has  many  hundreds  of  acres  of 
^^d  to  irrigate,  so  large  a  construction  would  not  be  advisable,  but 
*^^  plan  of  this  reservoir  and  the  methods  pursued  in  its  construction 


^  Irrigating  a  500-acre  orchard,  by  Oeorge  M.  Munger:  Report  of  the  Kansas  State  Board  of 
culture  for  the  quarter  ending  March  31, 18%,  pp.  03-71. 
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may  well  be  taken  as  models  by  those  whose  requirements  deax^nd 
reservoirs  of  only  moderate  size.  Water  may  be  drawn  throag^li  a 
flume  for  the  irrigation  of  considerable  areas  of  Mr.  Hunger's  fa,rin 
which  lie  at  a  lower  level  than  that  of  the  water  in  the  reservoir,  l3ut 
for  most  of  the  farm  it  is  necessary  to  raise  water.  This  is  don©  l^y 
two  compound,  duplex,  direct-acting  steam  pumps  of  a  daily  capac^i'^y 
of  about  4,000,000  gallons,  which  forward  the  water  rapidly  eno«:»  ^^ 
to  make  unnecessary  a  distributing  reservoir  from  which  to  draw 
water  when  supplying  it  to  the  land. 

RESERVOIRS   FOR   PUMPED  WATER. 

Reservoirs  for  pumped  water  differ  in  several  respects  from  th 
for  storm  water.     The  site  for  a  pumped-wat^r  reservoir  should         "^ 
selected  on  the  highest  part  of  the  land  to  be  irrigated.     The  fc^^^^™ 
will  not  usually  be  determined  by  the  contour  of  the  land,  but  by  ^t^  ^^ 
taste  or  convenience  of  the  irrigator.     Not  infrequently  such  re^^^^" 
voirs  are  made   square,   or  at   least   rectangular.     Some  are  mtmr^^^ 
circular,  thus  securing  the  greatest  content  for  a  given  amount       ^ 
embankment.     In    size,  pumped- water    reservoirs   vary   from   qim  i  '^^ 
small,  as  shown  by  PI.  Ill — say  30  feet  square — to  those  contains  ^^g 
half  an  acre  or  an  acre  of  ground.     Irrigation  with  pumped  wa^^^^f 
has  been  confined  to  small  operations,  at  least  in  Kansas  and  ufp^^^ 
the  Great  Plains,  making  large  storage  capacity  unnecessary.     Siix^i^c 
pumping  into  the  reservoir  is  done  almost  exclusively  with  windmill^) 
the  work  of  which  varies  with  the  wind,  it  is  sometimes  thought  tlx^t 
the  size  of  reservoir,  compared  with  the  land  irrigated,  should  beco:»- 
siderably  increased  above  the  dimensions  now  in  common  use.     13  ^Jt 
the  practice  has  been  to  use  the  reservoir  as  an  accumulator,  givim::Bg 
the  irrigator  command  of  his  water  supply  rapidly,  rather  than  as   a 
store  against  the  time  when  water  may  not  be  obtained  by  the  aid  ^ 
the  wind.     Experience  has  confirmed  the  practice  of  using  the  res^  J" 
voir  merely  as  an  accumulator,  except  for  large  gardening  operatior»-^> 
for  which  a  delay  in  the  application  of  water  sometimes  proves  disi»^" 
trous.     With  other  crops  it  is  found  quit«  possible  to  anticipate  prc^^- 
able  scarcity  by  storing  abundance  of  moisture  in  the  porous  subsoil- 
The  relative  size  of  the  reservoir  to  the  land  to  be  irrigated  avera^^s 
from  about  1  to  80  to  about  1  to  100. 

The  depth  of  the  reservoir  when  first  constructed  is  generally  4  feet; 
that  is,  the  bank  which  constitutes  the  dam  all  around  the  area  to  be 
filled  with  water  is  raised  about  4  feet  above  the  natural  surface  of 
the  soil,  as  shown  in  fig.  1.  The  earth  for  the  construction  of  the 
dam  is  usually  taken  from  within  the  reservoir,  so  that  the  depth  of 
water  in  the  reservoir  would  be  somewhat  more  than  4  feet  if  it  were 
filled  to  the  top  of  the  bank. 
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eservoini  are,  as  a  rule,  mode  on  land  which  has  been  under  vul- 
tion.  In  prepiaring  for  the  work  all  trash  should  l>e  removed  and 
jround  which  is  to  serve  as  the  foundation  of  the  dam  should  be 
It  four  times  as  broad  as  the  height  of  the  proposed  embankment 
nd  the  reservoir.  It  is  a  good  plan  in  plowing  this  foundation  to 
the  furrows  so  as  to  leave  a  dead  furrow  in  the  middle  and  then 
imp  water  into  this  dead  furrow,  wetting  all  the  base  of  the  dam 


>d  irindmlll  D')rth  of  Oirden 


oroiighly.  After  tliia  lias  snftieieutiy  settled  to  admit  of  driving  over 
it  is  well  to  tramp  it  by  driving  horses  or  other  heavy  animals  over 
until  it  is  well  compacted.  The  land  in  the  interior  of  the  reser- 
ir  is  plowed  and  the  loose  earth  is  removed  to  the  embankment, 
ually  with  the  ordinary  slip  scraper,  although  in  the  construction 
very  lai^e  reservoirs  wheeled  scrapers  are  sometimes  used, 
[n  depositing  the  soil  which  is  to  constitute  the  embankment,  it  is 
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better  to  keep  the  parts  which  will  become  the  faces  higher  than  the 
center,  thus  leaving  a  channel  all  around  through  the  whole  of  the 
embankment.  At  tlie  close  of  each  day's  work  care  should  be  taken 
that  this  channel  be  continuous,  and  that  the  top  of  the  embankment 
be  about  the  same  height  all  around,  so  that  water  may  be  pumped 
into  the  channel  in  the  heart  of  the  bank,  thoroughly  soaking  it.  In 
soils  at  all  likely  to  seep  it  is  very  important  that  the  precaution  of 
soaking  the  bank  daily  as  it  is  built  be  observed.  If  not  ma<le  too 
soft  in  the  evening,  it  will  usually  be  in  condition  to  tramp  in  the 
morning,  and  this  should  be  done  by  driving  repeatedly  around  on 
top  of  the  embankment  made.  If  each  day's  work  is  treated  in  this 
way,  there  will  l)e  little  trouble  from  seepage  through  the  bank  of  the 
completed  reservoir. 

The  crumbling  soils  of  Kansas  will  usually  take  about  the  correct 
form  for  a  bank  as  deiM)sited  from  the  scraper  and  under  the  tramp- 
ing here  recommended.     Some  who  prefer  to  have  the  banks  steeper 
than  they  are  usually  left  in  this  way  trim  them  up  with  a  shovel, 
afterwards  sodding  to  prevent  further  crumbling.     This  answers  veiy 
well  for  the  outside  of  the  dam,  and  sod  used  inside,  as  shown  in 
fig.  1,  is  a  protection  against  washing  until  the  soil  shall  have  become 
so  thoroughly  settled  as  to  be  less  affected  by  the  action  of  the  waves. 
If  the  reservoir  be  small,  it  is  sometimes  inexpedient  to  take  from  the 
intenor  the  entire  amount  of  earth  required  for  the  embankment. 
Experience  has  shown  that  soil  near  the  surface  more  readily  becomes 
a  water  holder  than  does  that  from  the  substratum.     In  any  ease  it 
is  not  safe  to  employ  the  gravelly  subsoil  which  prevails  almost  every- 
where in  the  larger  valleys  of  western  Kansas. 

After  the  completion  of  the  bank,  the  next  work  is  to  make  the  bot- 
tom of  the  reservoir  water-tight.  This  is  done  by  plowing  the  entire 
area  to  a  depth  of  3  or  4  inches,  harrowing  it  fine,  and  then  pumping 
in  enough  water  to  cover  the  entire  bottom — if,  indeed,  it  does  not 
seep  out  too  fast  to  admit  of  this.  In  any  case,  water  should  be 
pumped  in  until  a  considerable  area  is  thoroughly  soaked.  As  soon 
as  this  is  settled  sufficiently,  so  that  heavy  animals  will  not  sink  in 
more  than  6  or  8  inches,  horses  or  cattle  are  turned  in  and  driven 
around  over  the  water-soaked  area  until  it  tocomeshard.  Then  more 
water  is  pumped  in  and  a  larger  area  soaked.  It  is  usually  found  that 
after  the  first  partial  soaking  and  the  subsequent  tramping  the  entire 
area  of  the  bottom  may  be  covered  with  water.  Enough  water  should 
be  put  in  to  thoroughly  soak  every  foot  of  the  area,  so  that  it  would 
be  dangerous  to  immediately  take  large  animals  into  it.  After  a  fe^ 
days,  however,  this  will  have  settled  so  that  animals  may  be  safely 
driven  over  it,  when  it  should  be  tramped  continuously  until  it- 
becomes  so  hard  that  the  hoofs  of  the  animals  scarcely  mark  it.  Such 
puddling  rarely  fails — even  in  very  open  soils  and  in  those  which 
seem  to  be  nearly  all  sand — to  make  a  reservoir  so  tight  that  the 
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seepage  under  -1  feet  of  waf«r  is  insignificAnt.  In  rare  cases  it  may  lie 
necessary  to  throw  in  manure,  or  at  least  straw  or  hay,  and  again 
soak  and  tramp,  but  generally  there  is  enough  oi^anio 
matter  in  the  surface  soil  t«  pnddle  sufficiently  with- 
out the  addition  ot  any  other  material.  Some  prep 
aratious  have  been  advertised  as  linings  for  reservoirs 
but  the  cheapest  and  undoubtedly  the  best  lining  is  as 
deep  puddling  as  can  be  done  with  heavy  animals 

Every  reservoir  must,  of  course,  be  provided  with  a 
suitable  outlet  for  the  water,  and  unless  careful  atten 
tion  to  the  pumping  can  be  relied  upon  thei'e  should 
be  also  an  overflow  or  waste-way,  The^utlet  flume 
sboiild  be  provided  when  the  reservoir  is  laid  out  and 
before  the  banks  are  completed.  The  bottom  of  the 
outlet  should  l>e  place<l  as  low  as  the  bottom  of  tlie 
tliteh  outside,  as  shown  in  fig.  2,  but  is  usually  not  so 
low  as  the  Irattoin  of  the  reservoir  inside,  so  that  the 
water  is  not  all  drawn  from  the  reservoir.  It  is  found 
that  reservoirs  retain  their  ability  to  resist  setiMige 
better  if  never  entirely  drained.  This  is  especiall) 
true  in  the  winter  season,  when,  if  allowed  to  freeze 
the  puddling  of  the  bottom  frequently  becomes  so  de 
teriorated  as  to  necessitate  renewal.  The  flume  should 
be  long  enough  to  reach  entirely  through  the  embank 
ment.  It  is  usually  made  of  ii-inch  planks,  with  a 
clear  opening  of  6  by  8  inches.  Where  large  areas  are 
to  be  irrigated,  making  rapidity  of  supply  essential 
the  hox  should  be  nmde  larger,  and  for  field  work,  an 
opening  of  12  by  lO  inches  will  be  found  ample.  It  is 
not  always  necessary  to  use  the  full  size  of  the  open 
ing,  but  the  flow  is  regulated  by  the  e-\tent  to  which 
the  valve  or  gate  is  raise<l. 

Several  forms  of  valve  have  been  used.     An  excel 
lent  one  is  shown  in  the  illustration,  fig.  'i,  from  an        — 
Kansas  experiment  station  bulletin. '    This  gives  a  per 
spective  view  of  the  outlet  box  with  guides  attached 
for  holding  the  valve  or  gate.    This  is  faced  with  leather 
securely  held  by  tacks.     The  gate  is  best  operated  by 
a  carpenter's  bench-screw  attached  to  a  suitable  sup- 
port and  engaging  a  nut  on  the  upright  standard.  ^1^ 
An  efficient  gate  is  also  shown  in  the  illustration,  PI.  cg^T 
IV,  operated  by  a  lever  and  rod  extending  through  the  s^  ^ 
outlet  box.     Whatever  form  of  flume  is  used,  it  is  l>et- 
ter  to  have  one  or  two  bands  of  cleats  around  it,  taking  care  that 


■  Small  fmita  bf  trrlgktion:  Expertmeat  at 
Deoemter,  IM6.  p.  134. 
IBB  S 2 
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t  water-tiRht  to  the  planks.     In  placing  the  flume  it  sliimldlJ 
loroughly  embedded  iu  the  bank,  care  1>eing  taken  ti)  ram  1 
irmly  against  the  planks,  eHpeeially  on  the  under  side,  iu  onV'^' 
.ent  the  water  from  creeping  along  between  the  planks 
rth.     Tlie  extra  work  in  properly  bedding  the  flnme  is  vn 
imes  its  wwt  in  security  against  leaks. 


Flu,  3  —Reservoir  flump  sml  lote- 

•  expense  in  needed  to  prei>nre  an  irrigation  reservoir  for  t:t 
)f  edible  fishes.  It  is  requisite,  however,  to  plat 
front  of  the  gate,  so  that  when  water  is  to  be  drawn  from  t  T^fe 
[)  fisli  can  pass  tlirougli  the  flume.  A  light  framework  is  ii^ 
istructed,  of  suoli  dimension.s  as  to  allow  the  gate  to  be  open.  *^ 
;  interfering  with  il,  and  this  is  covered  with  common  wire  n<*'- 
the  sort  used  for  fly  screens.     This  rusts  out  somewhat  reailil.V, 
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but  is  cheap  and  easily  renewed.     Screens  of  brass  wire,  while  costing 
more  at  the  outset,  last  much  longer.     The  water  as  pumped  from  the 
wells  into  the  reservoir  is  perfectly  clear,  and  is  usually  at  a  temper- 
ature of  about  58°  F.     This  is  not  ideal  water  for  the  abode  of  carp; 
nevertheless,  this  variety  has  been  more  cultivated  than  any  other, 
largely  on  account  of  its  prolific  increase.     The  growth  of  the  carp  is, 
however,  somewhat  disappointing,  and  this  is  probably  due  to  the  fact 
that,  owing  to  the  continual  additions  of  the  cold  well  water  from  the 
pump,  the  temperature  of  the  water  is  l>elow  that  at  which  the  fish 
thrives  best.     Channel  cat,  crappie,  and  black  bass  have  been  found 
to  do  well.     Some  attempts  have  been  made  to  grow  trout  in  these 
ponds,  but  without  success. 

If  irrigation  reservoirs  are  not  otherwise  used  in  the  winter,  tliey 

^orm  excellent  ice  ponds,  and  make  available  what  would  otherwise 

^  an  expensive  luxury.     But  if  water  is  continually  pumped  into  the 

pood,  especially  in  the  more  southern  portions  of  the  district,  ice  is 

^•it  scantily  formed.     It  is  i>ossible,  however,  for  a  farmer  who  has  a 

'"^^^rvoir  to  provide  himself  with  a  sufficient  supply  for  the  dair>'  and 

^tlier  purposes,  even  though  he  use  his  reservoir  for  irrigation  during 

^*^xxch  of  the  winter. 

DITCHES. 


-^ot  every  tract  of  land  has  such  conformation  as  renders  irrigation 
^^■"^^eticable.  Land  the  surface  of  which  is  formed  into  mounds  of 
^^^xisiderable  magnitude  may  well  be  discarded,  at  least  until  that  of 
^^ore  even  contour  shall  have  been  brought  under  irrigation.  Ridges 
^^^d  terraces  are  not  especially  objectionable  features.  It  scarcely 
^^^ms  necessary  to  remark  that  irrigation  is  practicable  onlj^  where 
^^^ter  can  be  induced  to  flow  over  the  land,  and  that  water  will  not 
^Ow  uphill,  although  the  eye  is  often  deceived  and  the  novice  at  his 
^  ^st  observation  of  the  use  of  water  through  irrigation  ditches  receives 
1^  *^^  impression  that  in  some  parts  of  the  work  water  is  actually  flow- 
^^>^^  up  grade.  And  the  most  practiced  are  sometimes,  indeed  fre- 
^1  Viently,  mistaken  as  to  whether  the  surface  of  the  land  rises  or  falls 
^^x  a  given  direction.  It  is  therefore  important,  in  the  location  of 
^itches,  that  a  preliminary  survey  of  the  land  be  made;  and  it  is  a 
^t^d  plan  to  make  a  contour  map  of  the  land  to  be  irrigated  before 
locating  the  ditches.  In  irrigating  from  reservoirs  it  is  essential,  as 
^^fore  stated,  that  the  reserv  oir  be  placed  on  the  highest  part  of  the 
l^nd  to  be  irrigated. 

Ditches,  as  well  as  reservoirs,  should  be  kept  on  land  at  least  as  high 
Hs,  and  generally  a  little  higher  than,  that  to  which  they  are  to  supply 
the  water.  One  of  the  largest  and  most  successful  irrigators  of  farm 
^rops  on  the  plains,  C.  D.  Perry,  of  Englewood,  Kansas,  holds  that  in 
laying  off  the  ditches  it  is  necessarj^  to  forget  all  about  directions  of 
land  lines  and  points  of  the  compass,  and  be  governed  entirely  by 
the  contour  of  the  surface  to  be  irrigated  (see  PL  VI). 
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It  is  easily  believed  that  the  ditches  must  be  carried  along  at  a  ' 
proper  grade,  and  that  the  water  can  not  be  made  to  pa^  a  hill  by 
flowing  up  it,  but  only  by  following  a  course  which  gives  a  continuous  < 
though  slight  fall ;  but  on  the  smooth  surface  of  the  plains,  constitut- 
ing not  only  the  river  lK)ttom8  but  also  the  plateaus  of  the  region,  the 
unaided  eye  sees  no  reason  why  the  water  may  not  flow  in  one  direc- 
tion as  well  as  another,  or  why  it  may  not  be  made  to  follow  the 
directi<m  of  the  land  lines  without  serious  inconvenience.  In  some 
cases  this  can  be  done,  but  in  others  it  is  entirely  impracticable. 

These  distributing  dit<3hes,  or  laterals,  should  be  placed  at  such 
distances  apart  that  the  water  may  flow  over  the  land  from  any  ditch 
to  the  one  next  lower  down  the  slope  in  so  short  a  time  that  there  will 
be  no  great  difference  between  the  amount  of  water  taken  up  by  the 
portions  of  the  land  on  the  different  sides  of  the  tract.     This  distance 
varies  somewhat  in  different  soils  and  on  different  slopes.     Some  have 
placed  their  ditches  as  far  as  80  rods  (1,320  feet)  apart.     Usually  it 
will  be  found  better  to  have  the  dit<;hes  not  more  than  one-third  this 
distance  apart,  and  not  infrequently  it  is  better  that  the  interval 
separating  them  be  not  more  than  20  or  even  16  rods. 

Water  flows  when  the  fall  is  very  slight.  In  large  ditches,  free  from 
short  bends,  a  fall  of  12  inches  per  mile  produces  a  good  current,  wlii^® 
in  such  ditches  a  fall  of  30  inches  per  mile  often  produces  such  a  evii^ 
rent  as  to  cut  the  banks.  For  small  ditches,  such  as  are  used  for  d^* 
tributing  from  pumped- water  reservoirs,  a  considerably  greater  falX 
admissible  and  even  desirable,  and  for  laterals  from  which  the  wji.'t^ 
is  made  to  flow  over  the  land  a  fall  of  1  inch  per  100  feet  is  the  c^^^ 
rect  standard.  Where  it  is  possible,  they  should  be  laid  with  st^  ^ 
courses  as  will  give  them  this  fall. 

In  size  irrigating  ditches  vary  greatly.     In  some  cases  the  li^^ 
furrow,  with  the  loose  earth  removed,  is  large  enough,  while  for  ^t 
conveyance  of  water  for  large  areas  canals  several  feet  wide  and  cr-^ 
rying  water  2  or  3  feet  deep  are  sometimes  used.     When  Mr.  Pe^^"^ 
was  irrigating  but  1,2(X)  acres  of  land  with  water  from  the  Cimarr*^ 
River,  his  main  ditch  was  16  feet  wide  at  the  bottom  and  carri  ^ 
water  about  2  feet  deep,  and  its  sides  sloped  about  2  to  1.     As  J"^ 
irrigating  operations  were  increased  beyond  this  amount,  he  enlar^*^ 
the  ditch  in  order  to  have  command  of  a  larger  supply.     But  irri^^ 
tion  f rom  a  pumped-water  reservoir  is  usually  confined  to  a  sin^' 
farm,  varying  from  1  to,  say,  40  acres  in  extent.     For  the  40-acre  faT*^ 
a  ditch  as  shown  in  PL  VII,  5  feet  wide  at  the  bottom  and  carrying 
water  15  inches  deep,  with  sides  sloping  2   to  1,  will  probably  I>^ 
found  as  large  as  needed.     The  laterals  leading  from  this  main  ditch 
over  the  land  to  be  irrigated  will  generally  be  much  smaller  than  this 
perhaps  not  more  than  half  as  large,  or  even  less,  according  to  the 
amount  of  land  to  be  served  from  them. 

In  the  construction  of  ditches  the  implements  used  are  the  plow 
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and  some  sort  of  appliance  for  removiug  tlie  loose  earth  from  the 
ditch.    The  line  of  the  ditch  having  been  determined,  furrows  are 
plowed,  throwing  the  soil  from  the  middle  to  either  side,  and  ihe  size 
of  the  ditch  controls  the  distance  between  the  furrows  of  the  fii^st 
round.     Very  many  ditches  are  made  by  plowing  this  first  round  in 
such  a  way  as  to  leave  the  width  of  one  furrow  of  a  14-inch  plow  in 
the  middle.     This  is  then  turned  out  toward  one  side,  and  another 
furrow  is  turned  from  the  bottom  of  this  last  furrow  toward  the  other 
side  of  the  ditch.     It  now  remains  only  to  remove  the  loose  earth 
from  the  bottom  of  the  ditch  to  the  t(>p  of  the  banks.     This  oper- 
ation is  most  rapidly  performed  by  an  instrument  called  an  *'A," 
from  its  resemblance  in  shape  to  that  letter.     It  is  constructed  of 
planks,  usually  shod  with  steel  or  iron  along  the  lower  edges.     After 
being  suitably  weighted  it  is  drawn  by  means  of  horses,  apex  first, 
through  the  ditch.     By  suitably  placing  the  weight,  one  side  of  the 
A,  usually  designated  the  land  side,  is  made  to  follow  along  near  the 
middle  of  the  bottom  of  the  ditch,  while  the  other  side  throws  alx)ut 
half  of  the  loose  earth  out  upon  one  bank.     The  return  trip  throws 
the  other  half  of  the  loose  earth  out  on  the  other  bank,  and,  with  the 
exception  of  a  little  finishing  with  the  shovel,  completes  the  ditch. 

Larger  ditches  require  more  furrows  and  further  use  of  the  A,  but 
*re  constructed  in  essentially  the  same  manner.  So  also,  in  a  ditch 
«^*hich  at  any  place  is  to  be  made  deeper  than  the  average,  a  little 
?xtra  work  is  done  with  these  implements  in  that  particular  part.  It 
8  important  in  the  construction  of  ditches  that  the  banks  be  made 
tolerably  uniform  in  height,  and  l)e  so  constructed  as  to  carry  water 
Somewhat  above  the  ordinary  level  of  the  land.  For  the  distributing 
Hterals  banks  6  inches  above  the  general  level  of  the  land  to  be  irri- 
gated are  about  right;  if  they  are  made  a  little  higher,  so  as  to  be  6 
Hches  after  settling,  so  much  the  better.  For  rapi<l  irrigation  the 
iitches  should  be  at  all  times  capable  of  holding  water  to  at  least  4 
Bches  above  the  level  of  the  field. 

DISTRIBUTING  WATER. 

In  irrigating  it  is  necessary  to  have  water  spread  with  as  much  uui- 
formity  as  possible  to  all  i)arts  of  the  land.  Fields  which  appear  to 
the  casual  observer  to  be  entirely  without  features  of  undulation  are 
)ften  found,  when  inspected  with  a  view  to  irrigation,  to  possess  ele- 
t  ations  and  depressions  not  suspected  before.  The  practical  irrigator 
inds  that  an  elevation  no  greater  than  the  thickness  of  a  man's  hand 
nay  turn  the  water  entirely  around  a  portion  of  his  ground.  So,  also, 
I  very  slight  depression  is  always  found  by  the  water,  and  is  liable  to 
)e  overirrigated,  water-logged,  and  thereby  caused  to  settle,  increas- 
ng  the  disparity  of  the  surface.  It  is  therefore  necessary  that  almost 
Jveiy  piece  of  ground  which  is  to  be  irrigated  should  be  graded. 

Grading  may  be  done  either  before  or  after  the  construction  of  the 
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ditches.  It  will  usually  be  found  that  if  the  ditches  are  made  first, 
or  at  least  located,  less  grading  will  be  required  than  would  be  con- 
sidered necessary  before  the  location  of  the  ditches.  There  are 
various  grading  machines,  all  of  wliicli  are  operated  by  horsepower, 
and  some  of  which  are  very  simple.  Some  excellent  graders  are  on 
the  market  at  reasonable  prices,  but  many  farmers  construct  their 
own  of  planks,  and  with  them  do  quite  as  good  work  as  could  be  done 
with  any  machine  built.  Usually  a  few  turns  with  the  grader  sufl&ce 
to  fill  up  a  low  place,  and  oft^n  at  the  same  time  to  remove  an  eleva- 
tion. It  should  be  remembered  that  grading  is  of  the  nature  of  a 
permanent  improvement.  Once  thoroughly  done,  it  has  never  to  be 
done  again. 

Water  is  thrown  out  of  the  ditches  by  means  of  dams,  the  use  oi 
which  will  be  described  presently.     The  most  convenient  form  is  tH^ 
canvas  dam.     The  materials  used  in  the  construction  of  a  eauvi^* 
dam  are  a  piece  of  timber,  usually  a  2-by-4  scantling,  long  enough  ^^ 
reach  across  the  top  of  the  ditch  from  bank  to  bank;  a  small  stic^^ 
varying  in  length  according  to  the  width  of  the  ditch  to  be  darame^^ 

but  no  longer  than  will  lie  iicro^^ 
the  bottom  of  the  ditch  withoi 
leaving  any  considerable  space 
tween  the  stick  and  the  bottonc: 
a  brace  or  stick  about  one-thii 
longer  than  the  depth  of  the  ditekr^ 
and  a  piece  of  canvas  about  on^^ 
third  wider  than  the  depth  of  th  -^ 
ditch  and  as  long  as  the  width  o^^ 

Fio.  4.— Land  irrader.  _        ,.,    ,       ,    ,,  ,  ^, 

the  ditch  at  the  upper  edge.     Th»- 
canvas  is  cut  into  a  trapezoidal  shape,  somewhat  resembling  but  larger  ^ 
than  a  section  of  the  ditch.     The  long  edge  of  the  canvas  is  fastenec^ 
to  the  scantling  first  described  and  the  short  edge  to  the  small  stick.    Ir 
is  well  to  have  a  little  margin  of  the  canvas  below  this  short  stick.    The^ 
dam  is  placed  by  throwing  the  scantling  across  the  ditch  just  belo>«^ 
the  point  at  which  it  is  desired  to  divert  the  water,  as  show^n  in  the^ 
illustration,  PI.  IX.     The  canvas  rests  in  the  ditch,  with  the  short-^ 
stick  lying  across  the  bottom,  far  enough  upstream  from  the  location   - 
of  the  scantling  to  make  the  canvas  nearly  tight.     The  brace  is  placed 
with  one  end  against  the  scantling  and  the  other  against  the  short 
stick,  thus  preventing  the  canvas  from  being  washed  back  under  the 
scantling.     A  little  earth  is  thrown  upon  the  loose  edges  of  the  canvas 
where  it  rests  against  the  banks  and  against  the  l>ottom  of  the  ditch, 
and  the  water  is  turned  in.     The  weight  of  the  water  presses  the  can- 
vas closely  against  the  banks,  so  that  there  is  scarce! j'^  any  leakage. 
In  some  cases  permanent  dams  with  head  gates  are  placed  in  the 
ditches,  and  this  is  more  often  done  where  ditches  branch  and  it  is 
desirable  to  divert  the  water  to  the  one  or  the  other  branch. 
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A  more  primitive  dam  is  sometimes  made  of  earth,  and  such  a  dam 
is  q^uite  effectual  and  easily  made  in  very  small  ditches.  Sometimes 
a  Ixxartl  is  cut  into  the  banks,  and  earth  thrown  in  above  it,  making 
an  effectual  dam  for  ditches  of  considerable  size;  but  for  general  pur- 
I>oses,  'where  it  is  not  worth  while  to  put  in  permanent  dams  with  flumes, 
canvas  dams  are  most  effective,  and  are  placed  and  removed  with  less 
lalx>r  than  any  other.  It  is  well  that  the  irrigator  he  provided  with 
at  least  two  canvas  dams  suitable  for  each  size  of  ditch  from  which  he 
'wishes  to  divert  water. 

METHODS  OF  WATERING. 

That  which  ha«  gone  before  is  preliminary  to  the  final  object  of 
applying  water  to  the  land  at  such  times  as  the  interest  of  the  farmer 
or  gardener  suggests.  There  are  two  principal  methods  of  watering, 
and  a  third  is  especially  attractive  to  the  novice  and  the  amateur,  and 
is  not  -without  its  uses  in  some  cases.  For  sowed  grains,  meadows, 
and  pastures  water  is  supplied  to  the  land  by  flooding;  that  is,  by 
alloivi ng  it  to  flow  as  completely  as  possible  over  the  entire  surface, 
but  only  in  such  volume  as  will  not  cause  washing.  For  crops  planted 
in  rows  and  for  orchards  irrigation  by  furrows  is  generally  preferred. 
The  third  method  is  by  underground  pipes,  into  which  the  wat^r  is 
passed,  t^)  be  distributed  through  the  soil  by  capillary  attraction  or 
snrface  tension,  rising  from  below  to  near  the  surface,  rather  than 
passing  from  the  surface  downward,  as  in  the  other  two  methods. 

Irrigation  by  flooding  presupposes  that  the  work  of  grading  has  been 
thoroughly  done  and  that  the  dit<;hes  have  been  laid  out  and  con- 
structed with  care.  Take,  for  example,  a  meadow  which  has  been 
thus  prepared.  The  irrigator  proceeds  to  a  point  in  one  of  the  laterals 
leading  through  this  meadow  400  feet  down  the  lateral  from  the  point 
at  which  it  enters  the  meadow.  Here  he  places  his  canvas  dam  in  the 
lateral,  then  admits  the  water.  It  will  be  remembered  that  the  banks 
of  these  laterals  are  constructed  so  as  to  be  G  inches  higher  than  the 
surface  of  the  adjacent  field.  As  soon  as  the  water  has  risen  4  inches 
above  the  level  of  the  field  at  the  dam,  or  within  2  inches  of  the  top 
of  the  bank,  the  irrigator  makes  a  small  opening  in  the  bank  just 
above  the  dam  to  the  level  of  the  water.  At  a  distance  of  a  rod  or  so 
farther  upstream  he  makes  another  small  opening,  and  so  on  through- 
out the  400  feet  to  the  edge  of  the  meadow.  By  this  time  the  water 
is  pouring  out  through  all  of  these  openings,  giving  a  small  stream  at 
each.  These  streams  spread  over  the  ground  and  very  soon  widen  into 
a  broad  sheet,  which,  with  much  irregularity  of  front,  spreads  down- 
-ward  toward  the  next  lateral.  If  the  grading  has  been  well  done,  so 
as  to  give  a  uniform  surface  to  the  meadow,  there  should  be  no  dry 
spots  left  after  such  an  irrigation.  If  the  grading  has  not  been  per- 
fectly done  and  the  water  has  inclined  to  flow  around  certains  areas, 
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it  is  necessary  for  the  irrigator  to  take  his  shovel  and,  beginning  j 
the  point  wliere  the  water  begins  to  flow  around,  open  a  shallo 
channel  through  the  highest  part  of  the  dry  area,  thus  leading  tl 
water  from  the  upper  side  and  securing  practically  uniform  irrigatio 
The  water  is  allowed  to  continue  running  until  this  section  of  tl 
meadow  has  been  thoroughly  moistened  to  such  depth  as  the  irrigat- 
desires.  With  fresh  ditches  it  is  necessary  to  wat-ch  carefully  th 
none  of  tlie  openings  in  the  bank  becomes  seriously  washed  and  ge 
too  large.  When  such  troul>le  begins  it  is  quite  easily  remedied  \ 
throwing  in  a  shoyelf ul  or  two  of  soil.     When  the  ditches  liave  beeor 

well  settled,  little  trouble  in  tt 
respect  is  experience<l. 

While  the  water  is  flowing  ov 
this  fii*st  section  of  the  meadc 
the  irrigator  places  a  second  ca 
yas  dam  at  a  point  about  4C)0  f( 
farther  down  the  lateral  than  th 
at  which  the  first  was  place 
When  the  irrigation  of  the  fii 
section  is  completed,  the  dam  fii 
placed  is  removed  and  the  wat 
is  allowed  to  flow  down  the  latei 
to  the  second  dam.  Openings « 
made  in  the  ditch  as  before  a 
the  second  section  is  irrigated 
manner  precisel}'  like  the  fir 
The  dams  are  thus  removed 
positions  successively  400  f( 
farther  downstream,  and  sectio 
of  this  length  are  thus  irrigate 
The  same  course  is  pursued  wi 
each  of  the  other  laterals  un 
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the  entire  meadow  is  gone  ovei 
It  will  be  remembered  that 

Fio.5.-DiagramiUuHtrating  flooding  in  rectang-  speaking    of    ditchcs    the    pi-op 

ular  block.  -     ,  ^ 

fall  was  stated  to  be  1  inch  to  1 
feet.  By  making  the  opening  nearest  the  dam  so  that  its  bottom  i 
inches  above  the  level  of  the  field,  the  water  will  rise  to  that  heigl 
and  the  bottom  of  the  last  opening,  400  feet  farther  up,  will  be  just 
the  field  level.  If  for  any  reason  it  has  been  necessary  to  give  t 
ditch  a  greater  fall  than  1  inch  to  100  feet,  the  dam  is  placed  at  C( 
respondingly  shorter  intervals,  unless  the  banks  of  the  lateral  ha 
been  made  so  high  as  to  carry  water  more  than  4  inches  above  t 
level  of  the  field.  For  subsequent  irrigations,  if  the  ditches  have  i 
been  disturbed,  tlie  dams  may  be  placed  in  the  same  positions  as 
the  first  irrigation,  aiui  no  new  openings  in  the  bank  will  be  necessai 
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the  old  openings  being  as  available  as  at  first,  for  on  the  removal  of 
any  dam  the  water  immediately  falls,  so  as  to  cease  flowing  through 
the  openings  above,  the  entire  fall  being  4  inches  to  the  level  of  the 
openings  of  the  next  lower  section.     It  is  never  necessary  to  close  the 
openings  when  once  properly  made,  and  the  only  attention  needed  is 
to  prevent  or  repair  washes  and  to  maintain  all  jmrts  of  the  bank  at 
sufficient  height  to  prevent  overflows  other  than  at  the  points  desired. 
Where  an  abundant  head  of  water  is  available  and  old  and  well-set- 
tled ditches  are  used,  it  is  often  possible  for  the  irrigator  to  attend  to 
the  dams  and  openings  in  more  than  one  lateral,  thus  increasing  the 
rapidity  of  the  work.    This  method  is  applicable  not  only  to  meadows 
and  such  sowed  crops  as  wheat,  oats,  rye,  barley,  etc.,  but  it  is  some- 
times used  for  corn  or  orchards,  and  indeed  for  almost  everything 
except  potatoes. 
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Fio.  6. —Dia^am  illustrating  flooding  within  levees  on  irregular  ground. 

A  modification  of  this  system  is  used  for  some  garden  crops.  Thus 
celery  requires  frequent  and  copious  irrigation.  The  ground  on  which 
it  is  planted  may  be  mmle  into  perfectly  level  beds,  each  having  a 
border  a  few  inches  high  completely  inclosing  it.  The  celery  is  irri- 
gated by  allowing  sufficient  water  to  run  into  this  inclosure  to  cover 
the  ground  and  settle  into  it  until  it  is  sufficiently  moistened.  Some 
celery  growers  irrigate  in  this  way  every  two  or  three  days  from  the 
time  of  planting  until  just  before  the  celery  is  gathered. 

This  bed  system  is  sometimes  applied  to  field  work.  The  borders 
are  made  somewhat  higher,  and  the  beds  are  made  to  contain  in  some 
cases  several  acres  each,  according  to  the  head  of  water  available  and 
the  configuration  of  the  surface.  In  field  work  the  bonlers  are  made 
on  contour  lines,  and  are  thrown  up  with  the  plow,  and  so  rounded 
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over  the  surface  as  to  admit  of  mowing  or  cultivating  over  these  ele- 
vations, so  that  the  area  of  the  embankments  is  neither  wast^  nor 
left  to  grow  up  in  weeds. 

This  bed  system,  while  at  one  time  received  with  much  favor  for 
field  work,  is  gradually  giving  way  to  the  flooding  system,  as  pre- 
viously described,  and  to  the  furrow  system,  to  follow. 

In  preparing  for  irrigation  by  the  furrow  system,  the  distributing 
laterals  are  made  in  all  respects  as  described  for  the  flooding  system, 
except  that  it  is  practicable  to  have  them  somewhat  farther  apart. 
The  rows  of  crops,  as  corn  or  potatoes,  are  made  to  terminate  at  the 
laterals  from  which  they  are  to  be  irrigated,  but  it  is  not  essential 
that  they  meet  these  laterals  at  right  angles.     When  the  water  is  to 
be  applied,  small  furrows  are  made  down  the  rows,  care  being  taken 
that  the  loose  earth  does  not  roll  back  into  the  furrows  so  much  as  to 
obstruct  them  at  any  point.     These  furrows  extend  from  one  distrib- 
uting lateral  to  the  next.     Canvas  dams  are  used  as  in  flooding- 
The  openings  in  the  laterals  are  made  at  suitable  intervals,  and  th^ 
water  from  each  of  these  openings  is  turned  into  four  or  five  fu^' 
rows  and  allowed  to  trickle  slowly  down  the  furrows  to  the  next  laO^ 
eral,  and  to  continue  flowing  until  the  entire  section  is-  thoroughl.^5 
irrigated. 

The  size  of  the  streams  needs  careful  and  intelligent  attention.    I       - 
the  water  be  allowed  to  rush  down  the  furrows  so  rapidly  as  to  becom^^  ^ 
turbid  by  picking  up  the  finer  particles  of  soil,  these  particles  will 
deposited  farther  down  the  furrows  as  the  volume  of  the  strean 
becomes  smaller  and  the  current  becomes  less  on  account  of  the 
absorption  of  a  part  of  the  water  in  the  soil  traversed.     This  deposii 
of  fine  particles  is  apt  to  act  as  a  cement  to  the  furrows  and  prevenl 
proper  absorption  of  the  water.     It  is  possible  by  the  verj'  rapid  m 
of  water  to  cause  it  to  fiow  through  the  entire  length  of  the  f  urrow.^s  ^^ 
without  effectually  irrigating  the  soil.     The  novice  at  irrigation  i^^  ^^ 
almost  sure  to  be  surprised  at  the  action  of  an  irrigating  stream  [jm:^  ^ 
the  furrows  in  a  soft,  plowed  field.     If  the  stream  is  very  small,  iW  ^^ 
may  entirely  disappear  in  the  first  rod  or  two  of  the  furrow.     If  the^  -^® 
stream  is  very  large,  it  may  carry  away  a  considerable  part  of  the  soir^^^^ 
from  the  first  few  feet  or  few  rods  of  the  furrow,  and,  as  alread>^,-Ky 
stated,  fiow  through  without  accomplishing  the  purpose  of  effectuall}^.-^^^ 
moistening  the  land. 

A  properly  regulated  stream  should  fiow  through  a  furrow  withoiir  .^-^  wt 
becoming  very  turbid  at  any  point,  and  should  progress  continuously  '^^  ^y» 
though  slowly,  throughout  the  length  of  the  furrow.  After  it  has^^^^*^ 
flowed  for  a  time,  varying  with  the  nature  of  the  soil  from  a  few  tm-^  to 
many  hours,  the  land  should  be  so  thoroughly  irrigated  as  to  make  itS'^  ^^> 
especially  if  newly  plowed,  too  soft  to  walk  over  without  miring^^-^^- 
Where  the  soil  is  of  a  fioceulent  structure  and  contains  considerabl'^^^^^ 
vegetable  material,  this  thorough  irrigation  may  take  place  by  th  .mrMIhe 
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ow  system  without  greatly  changing  the  loose  and  flocculent  strue- 
j  so  desirable  for  rapid  growth  of  vegetation.  This  is  the  acme  of 
Ration.  Not  every  soil  will  retain  this  open  structure,  even  under 
most  skillful  handling  of  water.  With  many  soils  it  is  found  that 
effect  of  the  artificial  application  of  water  is  much  like  that  of  an 
?edingly  heavy  and  dashing  rain,  solidifying  the  soil  by  breaking 
n  the  open  structure.  It  may  be  said  that,  as  generally  applied, 
Ifation  leaves  the  soil  compact  and  in  condition  to  become  very 
i  as  it  dries. 

CULTIVATION. 

he  compacting  of  the  soil  after  irrigation  is  remedied  by  cultiva- 

of  the  surface  as  soon  as  the  soil  reaches  a  condition  to  be  worked. 
3  cultivation  after  irrigation  serves  the  double  purpose  of  checking 
growth  of  weeds,  which  is  sure  to  be  copious,  and  of  leaving  a  soil 
eh  of  loose  earth  over  the  surface,  which  prevents  the  rapid  evap- 
ion  of  the  moisture  stored  in  the  subsoil.  The  importance  of  cul- 
ttion  after  each  irrigation  can  not  be  overestimated.  In  general 
application  of  water  without  the  subsequent  cultivation  is  of  little 
lie,  and,  indeed,  in  many  cases  it  is  absolutely  detrimental.  The 
eral  experience  is  that,  with  the  average  soil,  after  the  application 
vater  the  ground  soon  becomes  very  drj'  and  very  hard,  and  evapo- 
on  proceeds  to  rob  both  the  soil  and  the  subsoil  of  moisture  with 
prising  rapidity.  If  the  irrigator  thinks  to  remedy  the  case  by 
'ther  irrigation,  he  usually  only  makes  the  matter  worse,  for  the 

by  this  time,  especially  that  along  the  borders  of  the  furrows,  has 
ome  quite  thoroughly  puddled,  so  that  the  second  application  of 
er  with  no  intervening  cultivation  amounts  to  little  more  than 
ding  over  the  surface,  with  but  slight  moistening  of  the  undersoil. 

may  be  stated  in  general  that  the  irrigator  who  fails  to  cultivate 
1  after  each  irrigation  will  make  a  failure  of  irrigation.  Indeed, 
Imost  any  part  of  the  Great  Plains,  if  either  irrigation  or  cultiva- 

must  be  omitted,  it  will  be  better  to  omit  the  irrigation  than  the 
ivation  for  all  such  crops  as  admit  of  cultivation.  The  case  with 
idows  and  with  sowed  crops  in  general  is  somewhat  different,  the 

being  to  some  extent  protected  and  supported  against  excessive 
ling  by  the  general  distribution  of  the  plants  and  roots.  It  is  not 
•robable,  however,  that  in  the  case  of  annuals,  as  wheat,  rye,  bar- 

and  oats,  it  will  be  found  profitable  to  make  the  drill  rows  far 
ugh  apart  to  admit  of  cultivation  while  the  plants  are  small.     In 

ease  of  meadows,  especially  with  alfalfa,  the  influence  of  the 
ensive  root  growth  is  such  as  to  keep  the  soil  in  condition  favora- 

to  rapid  growth  without  cultivation.  It  is  noticeable,  however, 
t  even  alfalfa  shows  the  marked  influence  of  cultiv^ation  where  a 
adow  of  this  legume  joins  a  cultivated  field. 
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SUBIRRIGATION. 

The  application  of  water  by  means  of  furrows  placed  at  a  consid^^ 
able  distance  from  the  plants  to  be  watered  can  be  beneficial  only 
soils  allowing  a  considerable  lateral  movement  of  the  water.    Tl 
percolation  may  take  place  in  certain  soils  through  a  space  of  seve 
feet  or  rods,  while  in  others  the  influence  of  the  water  apparently?- 
not  felt  for  more  than  a  few  inches.     In  cases  where  the  soil  and  s 
soil  have  a  structure  such  that  water  moves  laterally  through  tU.^?.  j 
with  considerable  ease,  the  theoretically  perfect  method  of  apply^i  ^ 
it  is  thi-ough  pipes  laid  underground  below  the  reach  of  the  plow  ari^j 
perforated,  so  that  when  filled  the  moisture  will  he  uniformly  distrifc. 
uted  near  the  roots  of  the  plants.     This  does  away  with  all  losses  from 
evaporation  and  from  saturating  the  sides  and  bottom  of  the  open 
ditches.     Unfortunately,  however,  this  method  has  been  found  prac- 
ticable only  to  a  limited  extent.     Many  soils  do  not  transmit  the  water 
freely,  while  others  are  underlain  by  a  gravelly  or  open  subsoil  through 
which  the  water  escapes  downward  with  far  greater  rapidity  than  it 
can  move  sideways.     Another  serious  obstacle  to  the  success  of  this 
form  of  irrigation  lies  in  the  fact  that  the  little  roots  of  the  trees  and 
plants  are  induced  by  the  moisture  to  rea<;h  out  toward  the  pipes, 
seeking  every  crevice  or  perforation,  and  soon  stopping  these  up 
with  interlacing  rootlets.     In  California  many  instances  are  given 
where  great  expense  was  incurred  in  laying  out  an  elaborate  system 
of  perforated  or  porous  pipes.     Irrigation  through  these  was  highly 
successful  for  one  or  two  years,  and  then  became  less  so,  until  the 
method  was  abandoned  and  the  pipes  taken  up  or  else  openings  made 
to  the  surface,  so  that  the  water  could  come  up  and  spread  as  from  a 
hydrant  over  the  plat  to  be  wet. 

The  term  "  subirrigation"  is  often  applied  to  the  conditions  where  the 
subsoil  is  saturated  either  artificially  or  even  naturally.  For  example, 
many  lowlands  along  streams  are  commonly  said  to  be  subirrigated 
from  the  fact  that  the  underlying  gravels  are  filled  with  ground  water 
which  extends  up  high  enough  to  be  available  for  the  use  of  deep- 
rooted  plants.  The  word  is  also  applied  to  similar  cases  where,  by 
excessive  use  of  water  on  lands  higher  up,  the  low  grounds  have  been 
so  completel}^  filled  by  seepage  that  it  is  no  longer  necessary  to  flow 
water  over  the  surface.  This  is,  however,  hardh'  a  proper  use  of  the 
term,  as  it  can  better  be  confined  to  the  intentional  application  of 
water  beneath  the  surface  by  pipes  or  similar  devices. 

The  method  of  irrigating  by  underground  pipes  is  one  that  appeals 
very  stronglj^  to  the  fancy  of  the  novice.  It  has  been  repeatedly  tried, 
and  in  most  cases  has  been  abandoned.  This  does  not  necessarily 
prove  that  the  plan  is  useless  or  impracticable,  and  the  fact  that  some 
have  continued  its  use  makes  it  worth  while  to  describe  it  and  to 
examine  somewhat  the  conditions  of  its  trials  and  the  probability 
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3  inch  form  drain  tile  u/ithout  socket 


f  its  usefulness.  The  plan  is,  in  general,  to  place  porous  drain 
les  far  enough  beneath  the  surface  of  the  cultivated  land  to  be  out 
f  the  waj^  of  the  plow  and  other  implements  of  cultivation,  and  to 
ave  the  lines  of  this  tile  so  connected  with  the  source  of  water  sup- 
lythat  they  may  be  filled  at  will.  Reports  of  the  use  of  this  method 
I  California  state,  as  noted  al)ove,  that  the  roots  of  the  trees  and 
lants  penetrated  the  tile  at  the  joints,  or  at  any  opening  where  the 
ater  could  get  out,  and  formed  mats  of  small  rootlets  within  the 
ipe,  so  JUS  to  effectually  obstruct  the  flow  of  wat^r.  In  the  gravelly 
nd  open  soils  of  l^tah  it  was  found  that  on  emerging  from  the  pipe 
nes  the  water  was  very  little  inclined  to  distribute  itself  laterally, 
ut  yielded  to  gravity  and  went  down,  so  that  only  narrow  strips  were 
ell  irrigated,  and  these  at  considerable  depth  below  the  surface,  the 
ater  having  little  inclination  to  rise  above  the  pipe  lines.  At  the 
Wisconsin  experiment  station  the 
ater  came  to  the  surface  above  WE^LL 
le  pipe  lines,  but  the  spaces  be- 
reen  were  not  well  irrigated.  A 
lotograph  of  a  tile-irrigated  field 
plat  showed  by  dark  lines  the 
nation  of  the  pipes,  while  the 
fcervening  surfaces  were  entirely 

y. 

[n  Osborne  County,  Kansas, very 

bisfactorv  results  have  been  re- 

rted  from  pipe  irrigation,  the 

Iter  having  been  distributed  lat- 

ally,  so  that  almost  ideal  irriga- 

>n  was  obtained.    The  objection 

ted  in  California  is  one  for  which 

is  difl&cult  to  conceive  an  effect- 

\\  remedy.     It  is    undoubtedly 

ue,  however,  that  a  stoppage  in  a 

pe  may  be  easily  located,  and  since  the  pipes  are  placed  at  no  great 

^pth  below  the  surface,  it  should  not  be  a  serious  task  to  remove  a 

agle  obstruction.     But  if  the  stoppages  should  be  very  numerous, 

e  expense  of  keeping  the  lines  open  might  exceed  the  advantages 

*imed  for  the  system.     In  Utah  the  tendency  of  the  water  to  go 

mediately  downward  instead  of  laterally  was  due  to  the  open,  grav- 

y  subsoil.     A  consideration  of  the  description  of  other  experiments 

3:ge8t8  that  the  difficulty  encountered — that  of  the  water  coming  to 

-  sui'face  immediately  over  the  pipe  lines,  but  not  distributing  well 

Brally — may  l)e  overcome  by  a  modification  of  the  work.     It  appears 

tt  in  these  experiments  the  pipes  were  put  in  trenches  in  the  sub- 

l  and  the  surface  cultivation  was  conducted  in  the  usual  way.    The 

tier  had  little  opportunity  to  circulate  laterally  until  it  had  risen  to 
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the  bottom  of  the  cultivated  stratum.  In  the  experiments  in  Os])orne 
County,  Kansas,  the  entire  subsoil  was  broken  to  the  depth  at  which 
the  pipes  were  laid.  The  water  moved  laterally  over  the  compact, 
undisturbed  lower  subsoil  and  rose  to  the  surface  quite  uniformly 
over  the  entire  tract.  Possibly  if  the  subsoil  in  the  Wisconsin  experi- 
ments had  been  treated  in  the  same  way,  the  results  might  have  been 
modified  and  made  favorable  rather  than  unfavoi'able. 

The  plant  of  one  of  the  successful  tile  irrigators  of  Osborne  County, 
Kansas,  Mr.  Andrew  Linn,  is  described  as  follows:  The  ground  was 
plowed  0  inches  deep  and  subsoiled  about  8  inches,  altogether  stirring 
the  soil  to  the  depth  of  about  14  inches.     The  ground  was  plowed 
north  and  south,  the  tiling  laid  east  and  west.     The  land  slopes  slightly 
to  the  east  and  south.     An  arrangement  is  made  to  use  the  plant  as  » 
drainage  system  when  there  is  too  much  rain.     Three-inch  tiles  are  lai<i 
15  inches  below  the  surface  and  10  feet  apart.     Unglazed  drain  tites 
are  used,  but  they  are  so  hard  that  practically  no  water  passes  throug^li 
the  pores,  the  outlets  being  at  the  joints.     These  joints  are  close<i 
with  cement,  with  the  exception  of  about  an  inch  on  the  underside  of 
the  tiles.     If  no  part  of  the  joint  is  cemented,  the  water  flows  out  too 
rapidly  and  is  not  evenly  distributed.     Mr.  Linn  laid  and  cement«?<i 
his  tiling  on  2^  acres  in  ten  days.     The  ditches  for  the  tiling  wero 
made  \^ith  a  lister  plow  and  spade.     The  pump  to  supply  water  to  thio 
tiling  has  a  capacity  of  about  20  gallons  per  minute. 

The  diagram,  fig.  7,  shows  the  plan  of  the  system.     The  water  is 
carried  from  the  pump  in  a  wooden  conductor  and  flows  into  a  barrel 
sunk  into  the  ground  about  10  feet  away.     A  4-inch  sewer  pipe  from 
this  barrel  is  laid  in  four  sections  extending  southward  across  the  west 
end  of  the  plat  to  be  irrigated.     At  the  end  of  each  section  the  pipe 
discharges  its  water  into  a  barrel  (not  shown  in  the  diagram),  also 
sunk  into  the  ground.     From  this  barrel  a  3-inch  pipe,  8  feet  in  length, 
is  laid  eastward,  where  it  communicates  with  a  3-inch  pipe  laid  north 
and  south  about  40  feet.    To  this  pipe  are  connected  five  3-inch  drain 
tiles  extending  eastward  entirely  across  the  plat  and  10  feet  apart. 
The  lot  is  thus  divided  into  sections,  each  independent  of  the  others, 
and  facilitating  the  irrigation  of  any  section  at  will. 

Mr.  Linn  is  satisfied  with  the  results  of  irrigation  with  this  plant, 
but  as  yet  no  comparison  has  been  made  with  those  obtained  by  sui 
face  irrigation  under  otherwise  similar  conditions.     The  cost  of  sue 
an  arrangement  is  cei-tainly  against  it,  and  will  probably,  for  a  loi 
time  at  least,  preclude  its  use  except  for  gardens  or  for  farming  on| 
very  small  scale.     But  the  experiments  of  Mr.  Linn  and  some  of 
neighbors  have  shown  that  with  such  soil  and  subsoil  as  they  poj 
it  is  perfectly  practicable  to  get  a  good  distribution  of  water  by  m< 
of  underground  pipes.     Their  plan  has  been  to  pump  the  soil  and 
soil  full  of  water  during  the  fall  and  winter,  saturating  it  to  a 
of  0  or  8  feet. 
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After  this  it  was  necessary  only  to  supply  the  water  transpired  by 
vegetation  and   lost  by  evaporation,  the  loss  being  very  small  on 
account  of  the  fact  that  no  erust  wa.s  formed  on  the  surface,  and  the 
floeculent,  open  structure  of  the  soil  was  little  interfered  with  by  this 
method  of  applying  water.     It  remains  to  l>e  seen  whether  the  plan  of 
cementing  the  joints  of  the  hard-burned  tile,  except  an  inch  on  the 
under  side,  will  prevent  the  entrance  of  roots  to  the  extent  of  stop- 
ping the  circulation  of  water  through  the  pipes.     This  method  has 
been  used  also  by  Dr.  Hudson,  of  Osborne,  who  has  expressed  satis- 
faction with  the  results.     Other  than  tile  pipes  have  been  used  for 
^his  purpose.     Small  pipes  made  of  galvanized  iron  and  perforated 
with  very  small  holes,  or  preferably  with  an  open  seam,  have  been 
used  and  satisfactory  results  reported.     The  following  description  has 
^n   condensed  from  a  statement  given  by  Mr.  Alex.   Richter,  of 
"oU3rpood,  Kansas,  who  has  used  the  open-seam  pipes. 

T'he  first  precaution  is  to  ascertain  whether  the  structure  of  the  soil 
ftud  subsoil  is  such  that  subirrigation  is  practicable,  as  it  is  a  useless 
-xpencllture  of  money  to  lay  pipes  where  the  conditions  are  such  that 
oe  \^a,ter  will  not  spread  laterally  to  the  plants.  In  some  localities 
^^  svitsoil  is  so  porous  that  the  water  applied  beneath  the  surface 
^^*^^  immediately  and  can  not  be  had  by  the  roots  of  any  of  the 
^5^tis  except  those  in  the  immediate  vicinity  of  the  source  of  supply. 
"■^^  is  especially  the  case  on  the  bottom  lands  along  streams  where 
*^  Surface  soil  rests  upon  gravel  or  beds  of  sand.  Where,  on  the 
^^t^r^ry,  the  subsoil  is  comparatively  impervious,  and  above  this  the 
^rvioture  is  such  that  the  water  is  transmitted  horizontally,  systems 
^  ^vil^irrigation  can  be  introduced  to  great  advantage.  For  example, 
he  following  experiment  was  tried:  During  a  dry  season  a  pipe  10 
Leet.  long  was  laid  10  inches  deep  in  the  middle  of  four  rows  of  string 
"^^118,  these  being  about  5  feet  apart.  Into  the  pipe  12  quarts  of 
^^ter  were  poured,  and  the  same  amount  was  sprinkled  on  four  other 
^^8  of  string  beans  in  all  respects  similar  to  the  fii-st.  In  the  case  of 
^^e  rows  watered  by  the  pipe  the  beans  did  well,  while  in  the  other 
^ws  they  died.     The  same  amount  of  water  was  given  to  each. 

In  1805  many  experiments  were  made  by  different  farmers,  some 

putting  pipes  in  rows  5  feet  apart,  others  8  or  16  feet,  and  in  one  case 

27  feet.     Different  depths  also  were  tried,  some  being  14  inches,  others 

IS,  and  still  others  2  feet.     During  the  first  five  months  nearly  all  of 

these  were  satisfactory,  but  after  that  period  difficulty  was  found  by 

the  persons  who  had  laid  the  pipes  from  18  to  24  inches  beneath  the 

surface.     By  digging  down  it  was  found  that  the  deeper  pipes  had 

been  placed  so  low  as  to  be  embedded  in  the  clay  subsoil,  and  that 

this  did  not  allow  the  water  to  spread  freely.     By  raising  the  pipes 

about  6  inches,  well  above  the  top  of  the  clay,  the  water  percolated 

freely.     For  vegetables  it  was  found  that  pipes  give  the  best  success 

when  laid  from  8  to  10  feet  apart,  while  for  orchards  a  single  row  of 
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pipes  was  sufficient  between  alternate  rows  of  trees,  these  pipes  being 
placed  from  10  to  12  inches  in  depth.  It  was  also  found  that  tbe 
moisture  was  rendered  more  efficient  by  using  fertilizers. 

One  of  the  most  common  mistakes  at  first  made  has  been  in  giving 
too  great  a  slope  or  inclination  to  the  pipes.     If  laid  on  ground  whiol^ 
has  a  decided  fall  the  water  runs  to  the  lower  end  before  it  can  escape 
in  considerable  part  through  the  opening  along  the  side.    For  tHis 
reason  the  pipes  should  be  laid  very  nearly  level,  but  if  a  considerat>lc 
slope  can  not  be  avoided  it  has  been  found  best  to  have  cut-offs  ia  tlxc 
pipe  every  10  or  20  feet  to  check  the  flow.     Another  way  is  to  run  iTxc 
main  pipe  on  the  down  grade  and  connect  this  with  irrigating  pipos 
branching  from  it  with  suitable  valves  or  cut-offs,  so  that  the  wat^i 
can  be  turned  into  the  branches.     The  preferred  length  of  irrigating 
pipe  is  about  200  feet.     Sometimes  this  can  be  connect.ed  at  both  ends 
with  the  main  supply  pipes  to  advantage.     The  main  supply  pipe  is 
proportioned  according  to  the  amount  of  water  to  be  ciirried.    In  gen- 
eral for  gardens  and  orchards  it  is  1^  inches  in  diameter.     The  sheet- 
iron  irrigating  pipe  leading  from  this  has  an 
open  seam  along  its  length  and  is  usually  seven- 
eighths  of  an  inch  in  diameter,  although  smaller 
sizes  can  be  used  for  flower  beds.     The  cost 
varies  according  to  the  amount  used,  but  in  one 
case  where  3  acres  were  pro\aded,  2  of  these 
being  orchard  and  the  remaining  acre  devoted 
to  potatoes,  watermelons,  and  other  vegetables, 
the  entire  cost  was  $63.    In  this  case  the  water- 
no.  s.-sect^of  open-seam    melons  alone  paid  the  cost  of  the  pipe.    One 
pipe.  man  can  lay  nearly  3,000  feet  in  a  day,  covering 

it  up  by  means  of  a  plow. 
There  is  a  notable  difference  in  the  distribution  of  moisture  when 
the  subirrigating  pipes  are  laid  above  the  surface  of  the  clay  and  when 
they  are  put  down  in  it.  In  the  first  case,  when  the  pipe  is  buried  in 
the  pervious  soil  slightly  above  the  impervious  clayey  subsoil,  the 
water  spreads  laterally  upon  the  surface  of  the  latter,  moistening  the 
ground  upward  while  spreading  out  beneath  the  surface.  In  the 
second  case,  when  the  pipe  is  within  the  clay,  the  water  can  not  spread 
laterally,  but  rises  slowly  and  moistens  only  a  narrow  belt  immedi- 
ately above  the  pipe,  not  finding  its  way  as  rapidly  as  in  the  other 
case  along  the  surface  of  the  clay. 

This  difference  in  behavior  is  illustrated  by  an  experiment  in  which 
two  pipes  were  laid  above  the  subsoil  and  five  pipes  below  the  clay. 
The  two  pipes  were  able  to  deliver  far  more  water  than  the  five  more 
deeply  buried.  An  examination  by  a  test  pit  showed  that  although 
the  surface  was  dry  above  the  five  pipes,  there  was  standing  water  in 
the  clay.  This  fairly  uniform  distribution  of  water  from  the  pipes 
when  laid  above  the  subsoil  is  said  to  obviate  the  difficulty  found  with 
the  roots  of  trees.     The  great  objection  to  this  form  of  subirriga- 
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tion  has  been  that  after  one  or  two  years  the  fine  roots  of  plants  seek- 
ing oi.it  the  wat«r  inclose  the  conducting  pipe  and  penetrate  every 
openixig  or  crack,  finally  completely  obstructing  the  flow  of  water. 
Whox-e,  however,  the  moisture  is  distribute  uniformly  through  the 
soil,  t.lie  roots  are  not  impelled  directly  toward  the  pipe.  Cases  have 
beeix  T*eported  where  pipe  has  been  used  for  three  years  successfully 
at  a»  distance  of  only  about  a  yard  from  a  row  of  trees. 

AMOUNT   OF   WATER   REQUIRED. 

TTiere  are  two  ways  in  which  quantities  of  water  used  in  irrigation 
ai^  expressed.     One  is  in  terms  of  the  rate  of  flow,  as,  for  example, 
th^t.  of  a  river;  the  other  is  in  quantities  of  water,  such  as  would  be 
^^^^  by  a  reservoir.     In  the  first  case  we  speak  of  a  stream  as  averag- 
^^8  through  the  month  of  August  10  second-feet  or  500  miner's  inches. 
^^  the  second  case  we  speak  of  a  reservoir  as  holding,  in  round  num- 
^ts,  6.46 million  gallons,  or  862,000  cubic  feet,  or  19.8  acre-feet.     Each 
^t  these  can  be  converted  into  the  other  by  simple  computations. 
Where  water  is  spoken  of  according  to  the  rate  of  flow,  the  total  vol- 
tirae  can  be  obtained  only  by  assuming  a  certain  length  of  time  dur- 
ing which  the  flow  continues.     On  the  other  hand,  the  volume  of 
water,  as,  for  example,  that  stored  in  a  reservoir,  can  be  converted 
into  rate  of  flow  by  figures  based  upon  the  number  of  days  or  seconds 
during  which  the  quantity  is  to  be  discharged. 

In  discussing  rates  of  flow  of  a  natural  stream,  the  cubic  foot  per 
second  or  second-foot  has  been  generally  adopted  as  the  standard, 
and  is  rapidly  displacing  the  older,  indefinite  term — miner's  inch. 

The  cubic  foot  per  second,  or  second-foot,  is  the  rate  of  delivery  of 
a  stream  1  foot  wide  and  1  foot  deep,  flowing  at  the  average  rate  of 
1  foot  per  second.  The  quantity  is,  of  course,  independent  of  the 
shape  or  velocity  of  the  water;  a  second-foot  will  be  delivered  by  a 
pipe  6  inches  in  diameter  in  which  the  average  flow  is  a  trifle  over 
5  feet  per  second,  or  by  a  ditch  having  a  cross  section  of  4  square 
feet  and  a  sluggish  current  of  only  3  inches  per  second. 

The  miner's  inch  is  a  unit  adopted  for  convenience  by  the  hydraulic 
miners  of  the  West,  and,  being  easily  arrived  at  through  rough  devices, 
has  been  largely  employed  throughout  the  arid  region  in  estimating 
the  quantities  of  flowing  water.  The  chief  objection  to  it  is  its  indefi- 
nite character.  One  miner's  inch  may  be  20  or  25  per  cent  larger 
than  another,  although  both  are  measured  according  to  established 
rule  or  customs.  In  early  days,  when  water  was  abundant  and  it  had 
little  value,  there  was  no  especial  demand  for  accuracy  in  its  meas- 
urement, and  the  crude  devices  sufficed  for  all  practical  purposes;  but 
when  the  streams  came  to  be  used  for  agriculture  and  it  was  appre- 
ciated that  values  resided  in  the  flowing  water  rather  than  in  the 
land,  it  made  considerable  difference  to  a  farmer  whether  his  miner's 
inch  of  water  was  large  or  small.  To  avoid  confusion  and  litigation, 
the  term  ** miner's  inch"  has  therefore  been  largely  done  away  with 

IBB  5— 3 


34  IRRIGATION   PRACTICE   ON   THE    GREAT   PLAINS.  [no.8. 

and  quantities  are  given  in  fractious  of  a  second-foot.  In  California 
the  miner's  inch  is  now  given  as  one-fiftieth  of  a  second-foot,  while  in 
Colorado  and  many  other  of  the  Rocky  Mountain  States  it  is  nearer 
the  fortieth  part  of  a  second-foot.  In  other  words,  the  Colorado 
miner's  inch  is  considerably  the  larger. 

The  second  method  of  stating  the  quantity  of  water — that  by  actual 
volumes  rather  than  by  rate  of  flow — is  in  all  respects  the  more  accu- 
rate and  desirable,  and  is  the  only  practicable  means  in  localities  sucii 
as  those  on  the  Great  Plains,  where  water  must  be  pumped  or  stored 
and  is  not  running  continuously  to  waste  when  not  used,  as  is  the 
case  along  the  larger  streams  of  the  arid  region.     The  units  employed 
may  be  the  gallon,   the  cubic  foot,  or  the  acre-foot.     The  United 
States  gallon,  as  defined  by  statute,  contains  231  inches;  7.48  gallona 
make  a  cubic  foot,  or  1  gallon  is  0.13368  of  a  cubic  foot.     The  chief 
disadvantage  of  the  gallon  as  a  unit  is  that  it  is  too  small  and  requires 
large  figures  to  express  the  amount  needed  for  irrigation.     It  has  also 
the  additional  disadvantage  that  there  are  other  gallons  of  other  size» 
in  use,  so  that  confusion  occasionally  arises. 

The  cubic  foot  is  a  definite  quantity  and  is  very  convenient  for  us-^ 
in  computations  of  the  amount  of  water  required.     By  its  use  tU^ 
capacity  of  reservoirs  can  l>e  readily  computed,  since  their  dimensiaf^^ 
are  usually  expressed  in  feet.     It  is,  however,  like  the  gallon,  tcpo 
small  for  convenience  in  many  estimates,  and  in  practice  it  has  beo^^ 
largely  replaced  by  the  acre-foot.     This  latter  term  implies  a  quanti't^^'^ 
equivalent  to  the  amount  of  water  covering  1  acre  to  the  depth  of      ^ 
foot.     In  other  words,   1  acre-foot  equals  43,500  cubic  feet.     Tlmi^ 
quantity — an  acre-foot — does  not  imply  that  the  water  must  bespre-a*-^ 
out  1  foot  in  depth,  for  the  43,560  cubic  feet  can  be  placed  in  a  res^^*" 
voir  of  any  shape  and  still  be  an  acre-foot.      It  may  be  held,  f  o^* 
example,  in  a  pond  100  feet  square  and  to  a  depth  of  a  little  over  ^  -  ^ 
feet,  or  it  may  be  in  a  tank  20  by  50  feet  and  43.56  feet  deep.     Tiie^ 
is  a  convenient  relation  between  the  acre-foot  and  the  cubic  foot  [ 
second,  or  second-foot.     The  latter  flowing  for  one  day  (twenty-fo 
hours)  very  nearly  equals  2  acre-feet;  that  is  to  say,  a  stream  1  fc^-^^^' 
wide  and  1  foot  deep,  flowing  at  an  average  velocity  of  1  foot 
second,  will  in  one  day,  or  86,400  seconds,  cover  a  surface  of  1  acr 
to  a  depth  of  very  nearly  2  feet. 

The  term  "duty  of  water"  has  been  employed  to  express  the  re^ 
tion  which  exists  between  the  quantity  of  water  used  and  the  area 
land  irrigated.     For  example,  if  a  stream  of  wat-er  equivalent  U^^ 
cubic  foot  per  second  irrigates  100  acres,  the  wat-er  duty  at  that  pla^ 
is  stated  as  being  100  acres  to  the  second-foot.     This  water  duty  m 
be  arrived  at  from  two  opposite  directions.     First,  as  given  alK)ve, 
taking  actual  instances  of  the  measured  amount  of  water  applied;  a 
second,  by  starting  at  the  other  end  and  estimating  the  theoreti 
amount  which  the  plants  require  and  the  quantity  which  must 
wasted  in  wetting  the  ground  before  the  water  can  be  available  for  t 
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I  the  plants.  Neither  of  these  is  wholly  satisfactory,  and  there 
b  as  yet  been  obtained  a  sufficiently  large  body  of  facts  to  enable 
sions  of  general  applicability  to  be  drawn.  Taking  any  one 
ii rough  successive  years,  the  amount  of  water  actually  used 
so  widely  that  it  is  doubtful  whether  any  figures  yet  published 
implicitly  relied  upon. 

pge  number  of  experiments  have  been  carried  on,  not  only  in 
^  but  in  this  country,  to  show  the  amount  of  water  exhaled  by 
The  I'esults  of  these,  as  above  stat-ed,  are  discordant,  but  as  a 
statement  it  may  be  said  that  the  plants  have  transpired  during 
powth  a  weight  of  water  from  300  to  500  times  that  of  the  weight 
matter.     In  this  country  various  agricultural  stations  have 
3d  and  still  are  obtaining  data  bearing  upon  this  point.    Among 
it  of  the  published  results  are  the  series  of  experiment43  con- 
by  Prof.  F.  H.  King  at  the  Wisconsin  agricultural  station, 
ire  of  particular  value  in  this  connection  as  showing  the  amount 
>r  required  by  plants  even  in  a  humid  climate.     The  results  of 
ervations  for  1892  show  the  following  amounts  of  water  con- 
per  pound  of  dry  material  produced: 


Crop. 


Barley 
Oats . . 
Com._ 
Clover 
Pease . 


Water 
coDsnmed. 


Pounds. 
375 
526 
317 
564 
477 


lata  given  above  have  been  combined  with  those  obtained  for 
id  computed  in  other  units,  giving  the  corresponding  depth  of 
ised  in  the  production  of  the  plants.  These  results  are  shown 
dest  form  in  the  following  table: 


Crop. 

Year. 

Water 
consumed. 

Inches. 
13.2 
23.5 
19.7 
19.0 
26.4 
25.1 
29.7 
16.9 

Barley 

1891 
1892 
1891 
1892 
1891 
1892 
1892 
1892 

Do 

Oats 

Do - 

Corn               

Do 

Clover    

Pease         
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From  the  above  table  it  is  to  be  observed  that  the  least  amount  of 
water  used  was  by  the  barley  in  1891,  and  it  should  be  noted  that  the 
product  for  this  year  was  only  about  half  that  for  1892,  while  nearly 
double  the  amount  of  water  was  used.  It  is  probable,  therefore,  that 
if  the  barley  had  received  or  used  as  much  wat^r  as  the  same  crop  in 
1892,  the  production  of  dry  matter  would  have  been  greatly  increased. 

It  has  l>een  found  that  there  is  a  great  range  in  the  amount  of  water 
employed  by  various  plants  in  the  process  of  building  their  tissues, 
and  that  not  only  do  the  different  species  st<and  widely  apart  in  this 
respect,  but  even  individuals  of  any  one  species  at  the  successive 
stages  of  life  or  with  alt-ernations  of  climatic  conditions  transpire 
water  more  or  less  freely.     As  previously  noted,  the  experiments,  when 
reduced  to  a  common  basis,  show  a  wide  range  in  results,  depending 
largely  not  only  upon  the  conditions  under  which  the  tests  were  car- 
ried on  but  also  upon  the  assumptions  necessarily  made  in  reduction 
to  the  same  form  of  statement.     Thus  the  water  used  by  a  crop  ol 
wheat  is  from  9.3  to  29.8  inches  in  depth,  averaging  17.9  inches;  by 
barley,  from  4  to  30  inches;  the  same  experiments  in  successive  yeat^ 
obtaining  13  and  23.5  inches,  the  difference,  however,  being  in  p»i^ 
accounted  for  by  the  increase  in  yield. 

In  actual  crop  production,  however,  it  is  necessary  not  only  to 
isfy  the  thirst  of  the  plant  but  also  to  fill  certain  demands  of  the 
necessitated  by  its  composition,  structure,  and  exposure  to  the  ai 
A  certain  amount  of  water  must  be  given  to  the  soil  before  the  pla 
can  obtain  any  for  itself,  and,  according  to  the  skill  of  cultivatio 
more  or  less  of  this  water  will  be  taken  up  directly  by  the  air  or 
weeds.  The  process  of  getting  the  water  to  the  crop,  usually  in  ope 
earth  channels,  is  alsompre  or  less  wasteful,  so  that  beyond  the  plani 
needs  there  is  always  to  be  added  a  variable  percentage  to  cover  the 
various  losses.  Many  of  these  losses  may  be  reduced  or  prevented 
more  perfect  systems  of  irrigation  and  cultivation,  but  there  is  alwa^ 
a  limit  to  expenditures  in  this  direction  set  by  the  market  value  of  tE-^ 
product.  In  other  words,  it  will  not  pay  to  push  water  economy  ::^ 
this  direction  beyond  moderate  efforts. 

To  obtain  valid  conclusions  as  to  the  total  amount  of  water  requir^^ 
by  the  plant,  together  with  that  portion  lost  in  transit  in  the  irriga^* 
ing  channels  and  in  the  soil  while  waiting  for  the  demands  of  V( 
tation,  it  is  necessary  to  resort  to  the  results  of  field  tests  made 
various  localities  under  local  conditions  of  soil  and  climate.  The 
are,  unfortunately,  comparatively  few  data  as  yet  sufficiently  coi 
plete  for  generalization,  and  these,  as  might  be  expected  from 
analysis  of  the  matter  relating  to  plant  transpiration,  offer  wi( 
discrepancies. 

Experimental  data  are  still  lacking  as  to  the  exact  amount  of  wat— 
required  for  the  proper  moistening  of  plains  soils  to  any  depth.     It 
not  unusual  with  alfalfa  to  apply  6  inches  of  water,  or  over  680  torr: 
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per  acre,  at  a  single  irrigation,  but  with  the  usual  field  crops  it  is 
probable  that  3  acre-inches  at  an  application  is  more  usual  than  a 
larger  quantity.     Experience  of  irrigators  generally  favoi^s  the  appli- 
cation of  enough  water  to  moisten  the  soil  to  a  considerable  deptli,  say 
U  to  2i  feet,  and  then  by  cultivation  producing  a  mulch  of  fine  soil  on 
the  surface  to  retard  evaporation,  thus  retaining  the  water  of  a  single 
irrigation  for  the  use  of  the  deeper  roots  of  the  plants  for  a  considerable 
period,  rather  than  the  more  frequent  application  of  small  quantities, 
which,  by  moistening  only  that  portion  of  the  soil  very  near  to  the 
surface,  encourages  the  growth  of  roots  in  that  portion  of  the  soil 
which  s<x)n  becomes  dry.     Such  irrigation  leads  to  spasmodic  and 
irregular  growth  and  often  to  serious  injury  to  the  plant  from  drought, 
even  though  very  frequently  watered.     For  general  purposes  it  is 
undoubtedly  the  best  plan  to  have  the  subsoil  well  moistened  early  in 
the  season  and  to  keep  up  the  supply  of  moisture  by  such  copious 
subsequent  irrigation  as  will  encourage  the  development  of  deep  roots 
ind  maintain  the  uniform  maximum  growth  of  the  plants. 

A  convenient  figure  in  estimating  the  quantity  of  water  to  be  applied 
o  orchard  and  ordinary  crops  at  a  single  irrigation  is  100,000  gallons 
>er  acre.  This  will  allow  of  some  loss  by  seepage  in  the  ditches,  and 
isnally  moistens  the  soil  to  a  good  depth  if  judiciousfy  applied,  and 
tan-  by  the  furrow  system  generally  be  so  applied  as  to  leave  the  soil 
Q  good  condition  for  growth. 
The  quantity  of  land  which  may  be  irrigated  by  a  single  man  in  a 

• 

riven  time  is  exceedingly  variable,  and  depends  greatly  upon  the 
^ill  with  which  the  land  has  been  graded  and  the  ditches  have  been 
*i<J  out  and  constructed.  Twenty  acres  per  day  may  be  as  easily  irri- 
*t-e<i  under  some  conditions  as  1  or  2  acres  under  other  conditions. 
^  garden  operations,  of  course,  the  areas  covered  are  usually  much 
^**s  than  in  the  big  fields,  and  a  man  may  sometimes  spend  a  whole 
*y  on  very  much  less  than  an  acre  and  have  no  reason  to  chide 
^**iself  for  inefl&ciency. 

WINTER  IRRIGATION. 

^^  the  plains  the  winter  and  early  spring  months  are  usually  dry, 
^  the  soil  is  sometimes  almost  as  devoid  of  moisture  at  the  opening 
^t)ring  as  during  subsequent  droughts.  This  powdery  soil  is  easily 
*^^ed,  and  some  have  thought  it  in  favorable  condition  for  the  recep- 
^^  of  seed,  and  that  copious  watering  later  would  be  sufficient  to 
'^^re  the  full  benefit  of  irrigation.  But  disappointments  have  some- 
^^s  resulted,  scarcely  better  crops  being  realized  than  where  no 
r  was  applied  artificially.  On  the  other  hand,  where  similar  soil 
been  thoroughly  moistened  by  the  late  winter  or  early  spring  rains, 
\)y  winter  irrigation,  the  fertility  of  the  soil  has  been  amply  dem- 
^^trated.     Whatever  may  be  the  explanation  of  the  fact,  it  has  been 
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aund  by  nearly  all  observant  irrigators  of  the  plains  that  winter  irri- 

ation,  thoroughly  done,  serves  ver>'  well  the  double  process  of  fertil- 

dngand  moistening.     Mr.  Perry  states  that  after  his  eight  years  of 

xtensive  experience  in  irrigation,  he  has  had  thel>est  average  results 

here  he  has  thoroughly  saturated  the  soil  t<o  a  depth  of  2  or  3  feet 

uring  the  fall  or  winter  or  very  early  spring,  and  then  has  cultivated 

is  crops  on  this  land  without  subsequent  irrigation.     Mr.  C.  B.  Huflf- 

lan,  of  Enterprise,  Kansas,  has  found  that  land  thoroughly  irrigated 

nd  well  cultivated  during  the  season  of  1895,  and  afterwards  sown  in 

heat,  produced  suprisingly  well  in  1896  without  anj^  irrigation  after 

le  wheat  was  sown,  while  similar  land  that  had  not  been  irrigated 

ave  a  very  poor  yield.     The  general  experience  of  orchardists  favors 

Inter  irrigation.     Not  unlikely,  future  pra<*tice  in  the  application  of 

ater  will  consist  in  thoroughly  wetting  the  soil  during  the  winter 

Qd  in  such  subsequent  irrigation  as  may  be  found  desirable  to  main- 

lin  the  maximum  growth,  the  larger  quantity  of  water  being  applied 

I  the  winter,  when  evaporation  is  at  a  minimum.  ^^^ 


INDEX. 


Page. 

Acre-foot  defined lU 

Bed  system  of  irrigation,  dewcription  of.  2&-3B 

OaDvasdamts  form  of 23 

Celery,  mode  of  irrigating U5 

Cultivation,  mode  of 27 

Dams  for  reservoirs,  mode  of  construc- 
tion of 13 

Dams  of  canvas,  form  of 32 

Distribution  of  water ,  mode  of 31-27 

Ditohes,  mode  of  construction  of 19-21 

"  Doty  of  water  "  defined 'M 

Fisb  culture  in  reservoirs,  method  of 18-19 

Flooding  system  of  irrigation,  descrip- 
tion of 23-34 

Flume  and  gate  for  reservoir,  figure  of . .        18 
Parrow  system  of  irrigation,  description 

of 2tt-27 

Oate  and  flume  for  reservoir,  figure  of  . .        18 

Hudson,  Dr.,  snbirrigation  work  by 31 

Huffman,  C.  B.,  cited  on  winter  irrigation       38 


Page. 
King,  F.  H.,  rited  on  water  consumed  by 

different  crops 35 

Land  grader,  figure  of 23 

Linn,  Andrew,  desi^ription  of  tile  irrigat- 
ing plant  of 30-4J1 

Miner's  inch,  definition  of   33^M 

Munger,  G.  M.,  reservoir  and  farm  of 12  U 

Perry,  C.  D.,  mode  of  ditch  construction 

by 19.30 

cited  on  winter  irrigation 38 

Reservoirs,  mode  of  construction  of 13-19 

Renervoir  flume  and  gate,  diagram  show- 
ing construction  of 18 

Richter,  Alex.,  subirrigation  work  by  . . .       31 

Snbirrigation,  modes  of 28-33 

Water,  mode  of  distributing 21  27 

amount  required .'?KW 

amount  required  for  different  crops.  3r>-!K( 
Winter  irrigation 37-4» 

39 


54th  Congress,  )  HOUSE  OF  EEPRESENTATIVES.  5  Document 
2d  Session.        \  \    No.  340. 


DEPARTMENT   OF   THE   INTERIOR 


WATER-SUPPLY 


AND 


[BPJGATION  PAPEES 


OF  THX 


UNITED  STATES  GEOLOGICAL  SURVEY 


No.   6 


UNDERGROUND  WATERS  OF  SOUTHWESTERN  KANSAS.- Ha  worth 


WASHINGTON 

GOVERNMENT  PRINTING  OFFIOB 

1897 


UJTITED  STATES  fJEOLOGICAL  SUEVET 

3  D.  WALCOTT,  UIUECTOK 


ERASMUS    HAWORTH 


WASHlNtiTON 

GOVEENMEKT    PRINTING   OFFICE 

1897 


hi 


CONTENTS. 


tmBmittal 9 

►n 11 

and  dispasition  of  water 11 

)  evapormtion 11 

I 12 

dstare 14 

)le  ground  water 14 

Ic  conditions  governing  ground  water 15 

ig  ground  water 17 

of  the  area 19 

hy  of  the  area 20 

1  conditions 20 

on  River  Valley 21 

d  Creek  Vallev  and  fault 22 

unes 24 

X  arroyo  erosion 25 

the  area 26 

ds 27 

30 

31 

y 32 

)ly  of  the  area 37 

sandstone  water 38 

iracter  and  occurrence  of  Dakota  water 39 

:esian  properties  of  Dakota  water 41 

w  to  find  the  Dakota  sandstone 42 

y  ground  water 43 

3th  of  Tertiary  ground  water 43 

rel  of  Tertiary  ground  water 45 

Etde  County  wells 48 

antityof  Tertiary  ground  water .' 56 

DiflScultyof  estimation 56 

ircesof  Tertiary  ground  water 57 

^ry 62 

development 02 

65 

5 


X   G 
X   V: 


ElTe. 


3.  Ti 


ILLUSTRATtONS. 


Page. 

I^ATB  I.  G^eologic  map  of  area  coYered  by  this  report 26 

II.  View  of  Red  Beds  Bluff,  capped  with  Tertiary,  on  Johnsons  Creek, 

near  Cash,  Meade  County,  Kansas 28 

HI.  Tertiary  bluff  and  spring-fed  pool,  Duck  Creek,  5  miles  north  of 

Dodge,  Kansas 82 

lY.  Geologic  sections  of  the  area  discussed  in  this  report 42 

V.  Map  giving  depth  of  ground  water 44 

VI.  View  of  Marr^s  artesian  well,  Meade,  Kansas 50 

VII.  View  of  Vick's  artesian  well  and  reservoir,  north  of  Meade ,  Kansas .  52 
Vin.  Head  of  irrigation  ditch  suppl3ring  the  *'  Crooked  L  "  ranch,  Meade 

County,  Kansas 54 

IX.  Windmill  and  reservoir  at  Garden,  E^ansas 56 

X.  St  Jacob's  well,  Clark  County,  Kansas 60 

XI.  Head  of  Perry  irrigation  canal,  Cimarron  River,  near  Englewood, 

Kansas. 62 

XII.  Map  of  Clearmont  ranch,  near  Englewood,  Kansas,  showing  how 

water  is  drawn  from  the  Cimarron  and  the  principal  laterals. . .  64 

Fio.      1.  Diagrammatic  section  of  hill  at  Lawrence,  Kansas 16 

2.  Reservoir  and  windmill  pumping  water  from  Dakota  sandstone, 

about  18  milessouthof  Dodge, Kansas 40 

7 


LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 

Washington,  April  9,  1897, 

Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  Under- 

STound  Waters    of    Southwestern    Kansas,   by  Erasmus  Haworth, 

geologist  of  the  University  Geological  Survey  of  Kansas,  and  to  rec- 

<>ttiiiiend  that  it  be  published  as  the  sixth  number  of  the  series  of 

^^^a.ter-Supply  and  Irrigation  Papers. 

T*he  field  work  ujwn  which  this  report  is  based  was  carried  on  by  Pro- 

^<^ssor  Haworth  during  the  summer  of  1896  in  connection  with  the  inves- 

^^^^tions  of  the  Division  of  Hydrography.     Its  object  was  to  obtain 

^^t^^iled  information  concerning  the  amount  and  quality  of  the  under- 

^^^^und  waters,  in  order  to  throw  light  upon  the  problems  connected 

^^"trh  the  utilization  of  these  in  the  development  of  agriculture  upon 

r^^  Great  Plains.     Although  the  in vestigations  were  of  necessity  con- 

^^^^  ~3d  to  a  somewhat  limited  area,  the  conclusions  have  a  general 

ue  in  showing  the  limitation  to  which  similar  areas  of  the  public 

>nain  are  subject. 

Very  respectfully, 

F.  H.  Newell, 

Hydrographer  in  Charge, 
l^Ion.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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IXTRODUCTIOX. 

SOURCE   AND    DISPOSITION    OF   WATER. 

All  terrestrial  water  comes  primarily  from  the  ocean,  whence  it  is 
taken  by  evaporation.  It  may  then  be  carried  by  the  winds  to  the  far- 
thest portions  of  the  dry-land  areas  and  deposited  on  the  surface  of  the 
^  ground,  principally  as  rain,  but  partially  as  snow,  mist,  fog,  or  dew. 
No  ground  water  available  to  man  in  any  portion  of  our  globe  has  had 
or  can  have  any  other  ultimate  source,  whether  we  consider  the  wat:  r 
near  the  surface  or  that  more  deeply  buried. 

Water  thus  left  upon  the  dry  land  deports  itself  in  a  variety  of  ways, 
dependent  upon  the  different  conditions  under  which  it  is  placed.  A 
large  portion  is  evaporated  directly  from  the  surface  before  it  has  had 
an  opportunity  to  run  off  or  to  be  absorbed  by  the  soil  or  to  penetrate 
^o  greater  depths.  Of  that  which  is  absorbed,  large  portions  are 
ultimatelj^  dissipated  by  evaporation  from  growing  vegetation.  A  sec  - 
ond  portion  runs  from  the  plains  and  hillsides  down  into  the  streams 
and  rapidly  returns  to  the  ocean  whence  it  came,  while  a  smaller  por- 
tion more  gradually  works  its  way  into  the  same  streams  by  seeps  and 
springs  and  reaches  the  same  destination.  Other  portions  soak  into 
the  soil  and  ground  and  serve  as  a  permanent  supply  of  moisture  in 
the  soils  and  surface  coverings;  while  still  other  but  lesser  parts  sink 
below  the  surface  soils  and  below  the  roots  of  vegetation,  where  they 
remain  a  constant  source  of  available  water  existing  in  sufficient  quan- 
tities to  more  than  saturate  the  ground,  and  hence  become  available 
when  drill  or  spade  penetrates  it.  Each  of  these  several  methods  of 
deportment  is  important  to  the  student  of  hydrology,  and  may  there- 
fore briefly  be  considered  here. 

SURFACE    EVAPORATION. 

A  large  but  varying  proportion  of  the  total  rainfall  is  evaporated 

from  the  surface  before  it  has  had  an  opportunity  to  run  off  or  to  be 

absorbed   by  the  ground.     The  proportion  thus  evaporated  varies 

^rreatly  in  different  parts  of  the  world  and  under  different  conditions 

of  season  and  tillage  of  the  soil.     The  dry,  hot  winds,  the  scorching 

11 
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rays  of  sunshine,  and  often  the  hot  soil  itself  cause  evaporatioi 
Summer  seasons  and  arid  climates  are  most  favorable  for  rapid  eva 
oration.     In  countries  where  the  rainfall  is  light,  the  climate  wan 
and  the  soil  barren  of  vegetation  the  little  rainfall  that  does  occur 
largely  evaporated,  but  in  the  lowlands  adjacent  to  large  bodies 
water  in  cool  climates,  where  the  precipitation  is  abundant,  the  ev 
oration  is  ver}^  light.     The  character  of  soil  and  soil  covering  also  ki^ « 
a  great  influence  upon  the  rate  of  evaporation.     A  mulch  of  any  char- 
acter  whatever  greatly  retards  the  evaporating  action.     In  cultivated 
fields  a  thin  mulch  of  dust  or  of  straw  or  other  litter  has  this  retard- 
ing influence,  making  the  condition  of  tilth  an  important  factor  ia 
determining  the  extent  of  evaporation. 

RUN-OFF. 

The  water  which  flows  from  the  plains  and  hillsides  down  into  the 
streams  has  been  called  the  "run-off."  The  percentage  of  total  pre- 
cipitation thus  disposed  of  depends  upon  a  numl^er  of  conditions,  such 
as  aridity  of  climate,  amount  of  moisture  already  in  the  soil,  rapid- 
ity of  precipitation,  and  the  general  character  of  the  ground  uiwn 
which  the  precipitation  falls. 

Other  conditions  being  equal,  the  drier  the  soil  the  gi'eater  its 
absorptive  powers.  An  ordinary  rain  falling  upon  a  dry,  cultivated 
field  will  be  almost  entirely  absorbed;  but  if  the  ground  is  already 
charged  with  moisture  nearly  all  the  rain  will  run  off  the  surface  and 
be  carried  away  through  the  ordinary  drainage  channels.  The  per 
cent  of  the  total  rainfall  which  joins  the  run -off  in  humid  climates  is 
therefore  much  greater  than  in  arid  climates  unless  other  conditions 
modify  the  results.  In  general,  therefore,  the  proportion  of  the  total 
rainfall  which  may  be  counted  on  for  filling  reservoirs  in  arid  and 
semiarid  climates  is  much  less  than  in  humid  climates. 

The  rapidity  of  precipitation  is  an  important  factor  in  the  calcula- 
tion of  the  relative  percentages  of  rainfall  and  run-off.  A  mild  rain 
continued  through  many  houra  will  give  but  little  run-off,  while  the 
same  amount  falling  in  a  fourth  or  an  eighth  the  time  will  give  a 
greatly  increased  run-off.  Unfortunately  the  climatic  conditions  are 
such  in  nearly  all  the  arid  portions  of  the  world  that  what  little  rain 
does  fall  comes  in  the  form  of  hard,  driving  storms.  On  the  Great 
Plains  of  America  it  is  by  no  means  unusual  for  a  2-inch  rain  to  fall 
in  as  many  hours,  while  instances  are  of  yearly  occurrence  in  which 
4  inches  or  more  falls  within  one  hour.  Under  such  conditions  almost 
all  the  water  runs  off,  except  in  the  most  sandy  places. 

The  most  important  of  all  the  conditions  named  affecting  the  run- 
off is  the  character  of  the  ground  upon  which  the  water  falls.  A 
loose,  porous  soil  will  absorb  a  la'rge  portion  of  a  rainfall,  as  will  also 
a  sandy  soil,  while  a  close,  compact  soil  sheds  the  greater  piyt  of  it. 
Here  the  geologic  conditions  of  a  country  become  important.    An 
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area  composed  principally  of  a  close-grained  shale,  and  a  soil  result- 
ing  therefrom,  which  generally  has  a  compact  clay  subsoil,  has  inferior 
absorptive  properties,  while  one  composed  principally  of  sandstone 
and  sand  will  let  but  little  water  run  awaj'. 

The  flood  plains  of  rivers  frequently  have  little  power  of  absorption. 
In  times  of.  overflow  a  thin  layer  of  a  fine-grained  sediment  is  depos- 
ited, which  is  partially  cemented  by  an  organic  mucilage  produced  by 
the  decomposition  of  organic  matter  of  one  kind  or  another.  This 
material  is  almost  entirely  impervious  to  water,  a  thin  layer  of  it 
being  sufficient  to  prevent  downward  percolation,  no  matter  how  sandy 
the  soil  is  below.  Illustrations  of  such  conditions  may  be  found  in 
many  places  along  the  valleys  of  the  Arkansas  River,  the  Rio  Grande, 
and  other  streams,  particularly  those  which  rise  at  high  elevations 
and  have  a  strong  velocity  throughout  their  upper  course  and  a  low 
velocity  farther  downstream. 

In  times  of  freshet  the  muddy  water  drawn  from  the  streams  into 
irrigation  ditches  always  deposits  a  film  of  sediment  over  the  bottom 
of  the  ditch,  provided  its  fall  is  not  too  great.     This  fills  the  little 
spaces  between  the  grains  of  sand  in  the  soil  and  renders  the  ditch 
^ater-tight.     Likewise,  when  such  a  stream  overflows  its  banks  the 
^luddy  water  deposits  a  corresponding  film  of  fine  mud  over  nearlj" 
the  whole  of  the  valley  covered  by  the  water,  a  filling-in  process  which, 
<'^>iitinued  from  century  to  century,  forms  an  imj)ortant  part  of  the 
alluvial  soils  of  the  valley.     Along  the  Arkansas  Valley  such  an  accu- 
mulation of  silt  has  produced  beds  varying  from  1  to  G  or  more  feet 
in    thickness,  a  covering  that  will  scarcely  let  water  pass  through  it 
until  it  is  loosened  by  cultivation.     The  common  method  of  making 
reservoirs  in  the  valley  is  based  upon  the  impermeability  of  the  soil 
to  Avater,  and  such  reservoirs  require  much  less  puddling  to  make 
them  water-tight  than  those  in  localities  where  more  sand  is  present  in 
tlie  soil. 

Along  the  Rio  Grande  the  well-known  adobe  soils  are  of  the  same 
general  character.  The  adobe  is  a  thin  covering,  generally  from  1  to 
3  feet  thick,  along  the  river  flood  plain,  resting  upon  a  mass  of  sand 
or  sandy  soil.  A  pool  of  water  in  such  an  adobe  soil  will  remain  in 
place  until  evaporated;  but  should  a  hole  be  made  through  the  adobe 
('overing  into  the  sand  below,  the  water  will  quickly  sink. 

^lany  of  the  upland  areas  in  different  parts  of  the  world  were  at 

^^e  time  the  flood  plains  of  rivers,  and  were  more  or  less  covered 

H'lth  such  fine  sediments,  and  now  constitute  close-grained,  compact 

soils,  allowing  but  a  small  amount  of  water  to  penetrate  them.     Wind 

^^tioj^^  too,  often  helps  to  produce  an  impervious  soil  by  blowing  the 

nner  particles  of  dust  away  from  some  localities  and  lodging  them  in 

otu^j.^      Generally  there   is  a    compensating  action   here,   for  the 

^^^Her  materials  left  behind  form  a  covering  with  a  high  degree  of 

*^i*ptive  power,  and  therefore  decrease  the  amount  of  run-off. 
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SOIL  MOISTURE. 

A  portion  of  the  rainfall  is  consumed  in  keeping  the  soil  moist. 
The  gi'ound  can  yield  no  water  unless  a  portion  of  it  is  more  tkan 
moist.     It  is  not  the  amount  of  water  a  soil  or  stratum  holds  that  is 
import^int,  but  the  amount  it  will  give  up  when  penetrated, 
recent  years  considerable  work  has  been  done  in  determining  t 
capacity  of  different  soils  to  hold  moisture.     This  is  an  important 
investigation  in  connection  with  agriculture,  and  in  calculating  ttie 
percentage  of  run-off,  but  in  connection  with  the  problem  of  availat>lo 
underground  water  supply  it  is  of  less  value,  because   it  does  aot 
show  the  proportion  of  water  that  will  be  given  up  when  the  mat-t- 
rials are  punctured  by  the  drill.     In   fact,  the  best  character    of 
ground  for  producing  a  good  water  supply  is  one  which  will  not  adin.it 
of  a  high  percentage  of  soil  moisture,  but  rather  a  soil  that  will 
readily  yield  almost  all  its  moisture  to  the  general  wat^r  reservoir 
below.     A  sandy  soil  or  a  loose,  open  sandstone  will  gather  large 
quantities  of  water  from  the  rainfall  and  pass  it  down  to  the  reser- 
voirs below,  where  it  is  held  available,  while  a  soil  with  a  greater 
capacity  for  holding  moistui*e  will  yield  less  to  the  pump. 

AVAILABLE  GROUND  WATER. 

Throughout  the  humid  regions  of  the  world,  with  few  exceptions, 
water  can  be  found  everywhere  within  a  few  feet  of  the  surface,  so  that 
it  is  the  common  experience  to  obtain  water  for  domestic  uses  bydig^- 
ging  from  5  to  100  feet.  This  condition  is  so  common  that  the  masses 
of  mankind  throughout  the  humid  areas  of  the  world  have  come  to 
look  upon  it  as  certain,  and  rarely  give  it  any  special  consideratioa, 
and  the  industries  and  operations  of  civilized  man  are  based  upon  ^ 
belief  in  the  perpetual  continuance  of  such  condition. 

The  available  ground  water  in  all  localities  and  under  all  circum.- 
stances  is  the  residue  of  the  rainfall  after  the  portions  mentioned 
above — the  evaporation,  the  run-off,  and  the  soil  moisture — have  been 
deducted.     Each  of  them  must  be  supplied,  in  whole  or  in  part,  before 
any  available  ground  water  can  exist.     In  many  places  there  is  an 
underground  movement,  so  that  the  available  water  under  a  given 
area  may  have  fallen  only  in  part  as  rain  upon  the  surface  at  that 
place;  yet  somewhere  and  sometime  it  must  have  fallen  as  rain,  some 
of  which  was  evaporated,  some  carried  off  by  the  drainage,  some  held 
as  soil  moisture,  and  the  remainder  sunk  below  the  surface,  below  the 
reach  of  growing  plants,  and  held  in  an  underground  reservoir,  invit- 
ing the  spade  or  the  drill  to  discover  it  and  the  pump  to  lift  it  to  the 
surface.     But  even  yet  the  wastes  are  not  satisfied,  for  portions  of 
this  undergi'ound  water  are  carried  by  underground  drainage  to  the 
surfaces  of  ravines  and  bluffs,  bursting  forth  as  springs,  and  thus  joih- 
ing  the  general  body  of  the  run-off. 
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GEOLOGIC   CONDITIONS  GOVERNING  GROUND  WATER. 

lie  stratified  rocks  of  the  earth  are  a  heterogeneous  mass  of  mat- 
arranged  in  layers  one  above  another.  The  strata  are  not  coex- 
live  with  the  surface  of  the  earth,  but  some  of  them  occur  at  one 
re  and  othei's  at  other  places,  each  lapping  under  or  over  its  neigh- 
quite  like  shingles  on  a  roof.  Some  of  the  strata  are  composed 
K)se,  porous  material,  such  as  sandstone  or  badly  fractured  lime- 
e,  so  that  water  can  readily  pass  through  them.  Others  are  formed 
I  the  accumulation  of  finer  sediments,  such  as  clay  and  the  finest 
It,  while  still  other  parts  of  the  earth  are  composed  of  the  crystal- 
rocks,  such  as  granite,  porphyry,  and  syenite.  No  substance 
vn  forming  a  constituent  part  of  the  earth  is  entirely  impervious 
ater.  The  solid  granite  and  the  compact  limestone  and  marble 
5  have  moisture  within  them,  commonly  called  "quarry  sap," 
^ing  that  water  penetrates  them.  Compact,  plastic  clay  is  perhaps 
it  as  good  a  nonconductor  of  water  as  is  known,  while  beds  of  sand 
gravel  are  at  the  opposite  extreme,  allowing  water  to  pass  through 
X  with  relatively  little  resistance.  The  surface  of  the  ground 
>st  everywhere  has  a  covering  of  residual  soils,  sands,  and  clays, 
'ing  from  a  few  inches  to  many  feet  in  thickness.  This  usually 
high  absorptive  power  for  water,  so  that  a  large  amount  is  received 
1  the  rains  as  they  fall. 

lien  the  surface  water  comes  in  contact  with  the  porous  strata  it 
>sorbed  and  immediately  begins  moving  downward,  or  as  nearly  in 
direction  as  possible.  Sooner  or  later  it  comes  in  contact  with  an 
Brvious  stratum  below,  and  thereafter  can  only  move  laterally 
»  the  incline  of  that  surface.  The  rapidity  of  motion  will  now 
^ud  principally  upon  two  conditions — the  angle  of  inclination  of 
impervious  surface  and  the  degree  of  porosity  of  the  material 
»ugh  which  the  water  moves.  Should  this  be  a  mass  of  gravel  or 
1  or  porous  sandstone,  the  motion  will  be  sufficient  to  be  easily 
jcted,  and  somewhere  farther  down  the  water  will  reappear  as 
ngs  or  seeps,  supplying  the  streams  with  *' living"  water.  It 
ters  not  whether  this  porous  stratum  is  on  the  surface  of  the 
md  in  the  form  of  a  soil  covering  or  whether  it  is  deeply  buried 
mpervious  layers,  the  water  movement  within  it  will  be  practi- 
y  the  same.  When  the  latter  condition  prevails  and  a  sufficient 
i  is  produced,  a  well  drilled  through  the  upper  and  impervious 
jrs  allows  the  water  to  rise  through  the  drill  hole,  and  an  artesian 
[  results.  Where  the  porous  layer  is  on  the  surface,  as  is  often 
case  on  the  Great  Plains,  no  pressure  or  head  can  be  produced, 
the  water  is  simply  running  down  an  inclined  surface  with  nothing 
re  to  prevent  it  from  rising,  so  that  it  would  be  comparable  to 
er  flowing  down  a  wide  open  trough. 

good  illustration  of  this  latter  condition  is  found  near  the  Uni- 
lity  of  Kansas,  at  Lawrence.     In  1893  the  university  authorities 
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decided  to  own  their  own  water  supply.  An  investigation  was  there- 
fore made  to  ascertain  whether  a  sufficient  supply  could  be  had  within 
a  reasonable  distance  of  the  buildings.  It  was  found  that  on  the  south 
side  of  the  hill  a  large  amount  of  debris  produced  by  the  decomposi- 
tion of  the  limestone  and  shales  of  the  hill  had  accumulated  on  the 
hillside,  and  that  it  was  well  charged  with  water.  Fig.  1,  drawn  to 
scale,  shows  the  conditions.  The  hill  is  composed  principally  of  a 
fine-grained  impervious  shale,  with  a  limestone  mass  (A)  on  top.  At 
the  boiler  house,  300  feet  south  of  the  brow  of  the  hill,  the  debris  was 
found  to  be  40  feet  deep.  A  well  dug  here  (B)  during  the  driest  part  of 
a  dry  year  showed  that  the  amount  of  water  was  not  very  considerable. 
At  points  farther  down  the  hillside  the  water  was  more  abundant. 
Finally,  a  large  well  was  put  down  at  the  point  C,  1,000  feet  south  of 
the  brow  of  the  hill,  and  galleries  about  6  feet  in  height  were  run  both 
east  and  west,  just  on  top  of  the  undecomposed  shale,  to  intercept  the 


Fio.  1.— Dia^ammatic  section  of  hiU  at  Lawrence,  Kansas. 

water  as  it  moved  down  the  slope  and  drain  it  into  the  well.    It  wa& 
reasoned  that  this  greater  distance  from  the  summit  of  the  hill  wa»^ 
necessary  because  the  gathering  area  above  the  boiler  house  was  s^ 
limited  that  an  insufficient  amount  of  water  would  be  obtained  attha*^ 
point,  but  that  with  the  added  distance  to  where  the  well  was  finally 
located  a  gathering  area  of  sufficient  extent  was  passed,  considering 
that  the  average  rainfall  at  Lawrence  is  a  little  more  than  35  inch^^ 
annually.     Southward  the  thickness  of  the  debris  gradually  decrease^ 
so  that  a  mile  away  it  is  only  an  ordinary  soil  above  the  undecompos^^ 
shale.     Were  the  debris  a  mass  of  coarse  sand,  similar  to  that  so  oft^  ^ 
found  in  the  western  part  of  the  State,  without  doubt  the  water  wou  X^ 
soon  all  run  down  the  hillside  and  appear  as  springs  in  many  place?  ^ 
but  the  debris  from  a  mass  of  shale  is  principally  a  clay,  which  lets  t 
water  through  it  very  slowly,  and  therefore  its  southward  moveme 
is  so  slow  that  little  reaches  the  extreme  southern  limit  of  the  debr 
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et  in  the  vicinity  of  the  well  a  water  supply  is  found  sufficient  to 
roduce  5,000  gallons  a  day  almost  all  the  year,  and  10,0(X)  in  wet 
wither,  an  amount  which  could  be  increased  indefinitely  by  extending 
le  east- west  galleries. 

Here  we  have  a  good  illustration  of  the  underground  water  plane 
aving  a  very  concave  surface  facing  upward.  Instead  of  the  water 
ring  in  the  form  of  an  underground  lake,  with  a  level  surface,  it  is  a 
lass  of  water  held  in  the  clay  in  such  a  manner  that  its  upper  sur- 
ice  is  nearly  parallel  with  the  highly  inclined  surface  of  the  ground. 
Te  may  speak  of  the  clay  within  the  body  of  water  as  being  more 
tian  saturated,  using  the  term  sjiturated  to  mean  holding  a  water 
ontent  just  equal  to  the  largest  amount  the  clay  can  hold  without 
eing  eomiielled  to  give  up  a  part  of  if  whenever  an  opening  is  made 
ito  it.  When  the  clay  is  in  this  condition  and  more  water  is  added 
)  it,  this  extra  amount  will  run  out  into  the  opening  made. 
As  the  well  at  the  point  C  was  being  dug  it  was  noticed  that  the 
lay  was  moist  almost  from  the  surface,  but  that  no  water  came  into 
le  well  until  it  had  reached  to  within  about  0  feet  of  the  undecom- 
osed  shale.  Here  the  point  of  saturation  was  reached,  and  any 
t^ater  depth  passed  clay  which  was  more  than  saturated,  that  is, 
wl  more  water  within  it  than  it  could  hold  back  from  running  into 
le  w^ell.  This  extra  amount  in  excess  of  saturation  is  the  available 
ater  in  all  cases.  It  is  that  which  has  an  underground  movement, 
id  which  is  available  in  so  many  parts  of  the  world  as  supply 
t*  man. 

In  the  area  under  consideration,  in  the  western  part  of  Kansas,  we 
111  conditions  remarkably  similar  to  those  just  described  for  Law- 
a.ce.  We  have  a  broad  expanse  of  country  on  which  rain  falls,  and 
M  been  falling  since  the  close  of  Tertiary  time,  and  possibly  longer. 
le  surface  of  the  ground  is  usually  well  adapted  for  the  absorption 
large  amounts  of  this  rainfall.  After  absorption  the  water  obeys 
B  laws  of  gravity  and  moves  downward,  except  such  portions  as 
e  used  by  the  growing  vegetation  and  for  moistening  the  soil.  The 
niainder  continues  downward  until  it  meets  with  a  stratum  which 
80  nearly  impervious  that  it  is  almost  entirely  arrested,  after  which 
moves  slowly  along  the  upper  surface  of  the  impervious  floor  in  a 
anner  similar  to  the  water  in  the  clays  at  Lawrence.  This  floor 
'S  at  varying  depths  in  different  pai-ts  of  the  Great  Plains  area, 
betimes  so  deep  that  the  upper  surface  of  saturation  can  not  be 
ached  within  200  feet,  while  at  other  places  it  comes  entirely  to  the 
''face  of  the  ground. 

LOCATING  GROUND  WATER. 

f'he  ability  to  locate  ground  water  is  a  qualification  desired  by 
^y  and  possessed  by  few  who  do  not  understand  the  principles 
^eming  ground- water  movement.  The  '*open  sesame"  of  myth- 
l  times  gave  way  to  the  wand  of  the  wizard,  an  instrument  still 
IBB  6 2 
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employed  in  many  parts  of  the  civilized  world,  usually  in  the  form  of 
a  forked  twig  from  the  bough  of  a  tree,  but  oce^isionally  a  branch, 
forked  or  otherwise,  from  the  bough  of  some  particular  tree  or  shrub. 
In  a  majority  of  cases,  predictions  in  humid  climates  made  by  the 
use  of  the  wand  prove  U)  be  correct  unless  impervious  material  isniet 
with  in  digging,  for  the  whole  ground  is  more  or  less  saturated  with 
water. 

As  above  stated,  the  water  which  falls  as  rain  or  snow  is  partially 
absorbed  by  the  surface  materials  and  starts  on  its  downward  course 
under  the  influence  of  gravity.  The  laws  governing  its  movements 
are  identical  with  those  which  govern  the  movement  of  surface  wat^r. 
When  impervious  material  is  reached  the  water  is  arrested  in  its 
movements  unless  it  can  pass  down  an  inclined  plane,  the  surface  of 
the  impervious  nmss.  If  limesUme  or  granite  or  other  solid  rock  is 
reached,  the  water  will  follow  the  fissures  in  the  rock,  and  will  often 
ultimately  be  brought  to  the  surface  as  springs  along  ravines  and 
hillsides. 

The  proper  way  of  considering  the  matter  is  to  look  upon  the 
whole  of  the  subsurface  part  of  the  ground  as  containing  available 
water  except  where  impervious  materials  exigt.  If  a  heavj^  bed  of 
shale  is  found  which  is  close-grained  and  compact,  it  is  useless  to  look 
for  water  within  it.  Many  examples  are  met  with  in  mining  opera- 
tions which  illustrate  this,  a  few  of  which  may  be  cit^.  In  mining 
for  rock  salt  at  Lyons,  Kansas,  a  mass  of  loose  surface  material  was 
found  to  extend  downward  for  nearly  300  feet.  This  was  so  thoroughly 
charged  with  water,  particularly  near  the  bottom,  that  it  interfered 
seriously  with  the  mining.  Below  this  a  bed  of  fine-grained  Permian 
shale  was  reached,  in  which  the  salt  is  found.  This  shale  is  particu- 
larly impervious  to  water,  as  is  shown  by  the  fjict  that  no  water  has 
come  into  the  shaft  since  the  surface  water  was  shut  out,  although  the 
shaft  is  1,000  feet  deep.  Similar  conditions  are  found  in  drilling  for 
oil  and  gas  in  Kansas  and  elsewhere.  Often  a  heavy  bed  of  shale  or 
a  solid  body  of  limestone  is  met  which  has  no  water  whatever  within 
it.  The  gas  fields  of  Indiana  likewise  have  similar  conditions.  Here, 
after  passing  through  a  few  hundred  feet  of  water-bearing  materials, 
a  300-foot  bed  of  fine-grained  solid  shale  is  found  lying  immediately 
over  the  Trenton  gas-bearing  limestone.  This  shale  is  imper^^ous  to 
water,  and  lets  none  of  the  surface  water  pass  downward  through  it, 
and  none  of  the  deeper-seated  water  pass  upward.  It  is  so  dry  that 
water  has  to  be  added  while  drilling  in  it. 

The  existence  of  such  shale  beds,  or  beds  of  other  impervious 
materials,  can  generally  be  recognized  by  the  geologist  by  surface 
conditions  if  he  is  familiar  witli  a  sufficiently  wide  range  of  countr}'; 
otherwise  the  drill  is  the  only  means  of  discovering  it.  Wherever 
large  masses  of  such  nuiterials,  or  of  granite  or  other  solid  and  imper- 
vious crystalline  rock,  cover  a  wide  extent  of  country,  the  only  hope 
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Df  finding  ground  water  is  along  the  ravines  and  hillsides,  where  a 
suflBcient  amount  of  surface  debris  has  accumulated  to  hold  the  local 
rainfall,  a«  already  explained  for  Lawrence,  Kansas. 

Where  limestone  is  the  prevailing  rock  it  usually  has  so  many  fis- 
sures that  water  finds  its  way  into  them  and  works  downward  and 
out  through  openings  along  the  creeks  and  bluffs,  so  that  much  of  it 
finally  joins  the  run-off.  Under  such  conditions  well  digging  is  haz- 
ardous, often  resulting  in  failure.  It  is  here  that  the  term  *' vein" 
of  water  is  applicable,  a  term  which  is  generally  used  indiscrimi- 
nately, whether  the  water  occurs  in  veins  or  in  broml  heds  of  water- 
bearing  mat<3rials.     Here  the  "  water  witch  "  is  in  most  demand. 

In  such  countries  careful  observation  of  surface  conditions  will 
usually  yield  good  results.  The  water  slowly  but  surely  dissolves  the 
limestone,  so  that  a  falling  in  of  the  materials  above  to  an  appre- 
ciable degree  is  frequently  noticed,  often  resulting  ultimately  in  the 
production  of  a  ravine  of  considerable  size.  The  number  of  fissures 
along  the  bluffs  will  give  some  idea  of  the  abundance  of  fissures  gen- 
erally, and  therefore  of  the  probability  of  one  being  found  where  a 
well  is  desired.  But  best  of  all  and  surest  of  all  in  such  localities  is 
it  to  search  for  places  where  the  surface  covering  is  heavy  enough  to 
hold  the  surface  water.  Few  places  in  humid  climates  can  be  found 
where  this  is  not  sufficient  for  all  ordinary  purposes.  By  far  the 
greater  proportion  of  all  the  well  water  and  spring  water  of  the  world 
comes  from  this  source.  On  the  great  plains  of  western  Kansas  the 
surface  covering  is  generally  abundant  and  heavy,  and  holds  surpris- 
ingly large  quantities  of  water.  To  give  a  detailed  description  of  the 
water  supply  of  a  limited  portion  of  the  plains  of  Kansas  is  the  object 
of  this  paper. 

GEOGRAPHY  OF  THE  AREA. 

The  area  discussed  in  this  report  is  located  in  southwestera  Kansas, 
and  covers  1  degreie  each  of  latitude  and  longitude.  It  is  bounded 
on  the  east  by  the  one  hundredth  meridian  west  from  Greenwich,  on 
the  west  by  the  one  hundred  and  first  meridian,  on  the  south  by  the 
thirty-seventh  parallel,  and  on  the  north  by  the  thirty-eighth.  It 
'ncludes  all  of  Meade  County,  nearly  all  of  Seward,  Haskell,  and  Gray 
^unties,  about  one-third  of  Ford  County,  and  one-fourth  of  Finney 
-ounty.  Its  eastern  limit  is  approximately  the  line  between  ranges 
^  and  25  west  of  the  sixth  i)rincipal  meridian,  and  that  on  the  west 
^de  near  the  middle  of  range  34.  Its  south  line  is  about  the  middle 
^  township  35,  and  the  north  line  is  the  line  between  townships  23 
^d  24.  It  is,  therefore,  approximately  56  by  69  miles  square,  equal 
^  about  3,864  square  miles,  or  about  two  and  a  half  million  acres. 
'  corresponds  to  four  of  the  United  States  Geological  Survey  quad- 
ingles,  known  as  the  Meade,  Dodge,  and  Garden,  and  the  one  south 
f  the  Garden,  not  yet  surveyed. 

The  Arkansas  River  enters  this  area  at  the  northwest  and  flows 
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across  it  in  a  southeasterly  direction,  passing  out  16  miles  south  of  the 
northeast  corner.  The  Cimarron  River  passes  across  the  southwest 
comer  of  the  area,  leaving  the  State  near  the  middle  of  the  southern 
boundary,  but  flows  near  the  south  line  thn)ughout  the  remaining  dis- 
tance to  the  one  hundredth  meridian.  There  is  but  one  other  stream 
of  any  considerable  consequence  in  the  area.  Crooked  Creek,  a  stream 
which  rises  near  the  central  part  and,  after  meandering  in  a  manner 
indicated  by  its  name,  enters  the  Cimarron  just  south  of  the  State 
line,  near  the  southeast  corner  of  the  Meade  quadrangle.  Aside  from 
these  streams,  a  few  lesser  ones  occur  in  the  northeastern  part  of  the 
Dodge  quadrangle,  which  drain  northeast  into  the  Pawnee — such  a£ 
Duck  Creek,  the  Sawlog,  and  the  Buckner. 

A  fair  idea  of  the  elevations  of  the  area  under  consideration  may 
be  gained  from  the  following  data:  The  Arkansas  River  on  the  east 
border  is  2,4G0  feet  above  sea  level,  and  at  Sherlock,  in  the  extreme 
northwestern  corner,  its  level  is  2,860  feet,  the  river  making  an  aggre- 
gate fall  of  400  feet  while  crossing  the  area.  The  bluffs  immediately 
north  of  the  nver  at  Dodge  are  2,600  feet  high,  while  in  the  extreme 
northeastern  part  the  elevation  is  only  2,460  feet,  or  the  same  as  that  of 
the  river  at  Dodge.  The  southeastern  corner  of  the  Meade  quadran- 
gle, near  Englewood,  has  an  elevation  of  1,960  feet,  and  the  southwest, 
conier  of  the  area,  about  4  miles  west  of  Liberal,  has  an  elevation  of 
approximately  2,900  feet.  It  is  therefore  a  plain,  or  table-land,  with 
the  western  edge  nearly  horizontal,  sloping  to  the  east  with  an  average 
rat^  of  about  7.1  feet  per  mile  along  the  north  end  and  nearly  17  feet 
per  mile  along  the  south. 

The  eastern  border,  therefore,  slopes  toward  the  south,  making  the 
southeast  corner  much  the  lowest  part  of  the  whole  area.  The  eleva- 
tions immediately  adjacent  to  the  Arkansas  River  are  greater  thaa 
can  be  found  either  north  or  south,  except  those  in  the  southwest 
corner  of  the  area,  where  we  have  higher  land  than  exists  along  the 

river. 

PHYSIOGRAPHY  OF  THE  AREA. 

GENERAL  CONDITIONS. 

The  general  physiographic  features  are  those  of  a  broad  peneplaui 
sloping  gently  to  the  east,  into  which,  at  different  places,  channels 
have  been  worn  by  recent  processes  of  erosion.  All  the  streams  with 
their  tributaries,  except  Arkansas  River,  appear  to  be  mere  channels 
cut  down  into  the  general  plain.  The  Arkansas,  on  the  contrary, 
throughout  the  most  of  its  course  within  this  area,  seems  to  be  a  chan- 
nel cut  into  a  ridge  extending  from  w^est  to  east,  as  though  at  one 
time  the  river  had  built  its  banks  higher  than  the  land  on  either  side 
and  had  subsequently  deepened  its  channel  and  produced  a  flood  phiin 
averaging  more  than  2  miles  in  width.  Both  east  and  west  of  here 
the  conditions  become  more  nearly  normal,  as  is  shown  by  tributaries 
entering  the  river  from  both  sides. 
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North  of  the  river,  where  the  surface  slopes  to  the  northeast,  the 
northeastern  drainage  often  approaches  to  within  a  mile  and  a  half 
o£  the  Arkansas  River.  The  almost  complete  absence  of  any  tribu- 
tiaries  entering  the  river  from  the  north  is  remarkable.  On  the  south 
the  conditions  in  this  respect  are  not  quite  so  extraordinary.  A  strip 
of  country  varying  in  width  from  4  to  18  miles  is  covered  with  masses 
of  sand,  which  have  been  blown  by  the  winds  in  recent  times  into 
exceedingly  irregularly  shaped  hills  and  hillocks.  Throughout  a  part 
of  this  area  tributaries  of  the  river  rise  from  G  to  10  miles  south  and 
work  their  way  through  the  sand  hills  to  the  river.  In  most  instances, 
even  on  the  south,  the  drainage  toward  the  southeast  approaches  sur- 
prisingly close  to  the  bluffs  on  the  south  side  of  the  Arkansas  River. 

In  the  northeast  portion  of  the  Dodge  quadrangle  the  drainage  is 
all  to  the  northeast,  the  waters  of  which  ultimately  ent.er  Arkansas 
River,  near  Lamed,  through  the  Pawnee.  As  the  surface  is  inclined 
fully  10  feet  to  the  mile,  these  little  tributaries  have  cut  their  chan- 
nels from  100  to  150  feet  deep,  and  present  sometimes  almost  precip- 
itous bluffs,  which  bound  the  narrow  flood  plains  of  the  different 
streams. 

Over  all  the  southern  two-thirds  of  the  area  under  consideration  th^ 
drainage  is  entirely  to  the  southeast.  The  inclination  of  the  surface 
in  this  direction  is  quite  rapid,  averaging  along  the  line  from  Santa 
Fe  through  Meade  to  Englewood  more  than  16  feet  to  the  mile.  The 
general  appearance  of  the  whole  country  is  that  of  a  broad,  level  plain, 
with  almost  no  variations  of  any  kind,  except  here  and  there  where  a 
tributary  of  the  Cimarron  or  of  Crooked  Creek  has  worn  its  channel 
downward  into  the  plain.  These  channels  are  usually  quite  narrow, 
with  very  rugged  bluff  lines,  produced  by  the  channels  being  cut  to 
depths  of  100  to  150  feet,  and  in  extreme  cases  to  greater  depths. 
When  one  is  standing  on  the  plain  the  whole  country  appears  to  be 
level,  but  to  one  in  a  valley  of  a  stream  the  bluff  lines  are  so  rugged 
and  so  varied  that  almost  a  mountainous  aspect  is  presented.  This 
is  particularly  the  case  along  the  Cimarron  in  the  vicinity  of  Arka- 
lon  and  along  Crooked  Creek  and  its  tributaries  almost  anywhere 
below  Meade. 

CIMARRON   RIVER  VALLEY. 

The  valley  of  the  Cimarron  rarely  exceeds  2  miles  in  width  through- 
out its  course  across  the  Meade  quadrangle,  but  it  has  scarcely  passed 
beyond  these  limits  when  it  suddenly  widens  to  an  unusual  extent. 
Beginning  a  few  miles  above  Englewood,  it  has  a  valley  more  than  5 
miles  wide.  North  of  Englewood  is  a  valley,  or  an  area  which  seems 
to  be  a  valley  of  erosion,  10  or  12  miles  wide,  now  covered  to  varying 
depths  with  sand  which  has  a  very  little  silt  and  soil  intermingled. 
Such  a  wide  valley  appearing  so  suddenly  along  the  course  of  a  stream 
is  very  interesting,  as  its  origin  is  hard  to  determine.  The  bluff  lines 
forming  the  western  and  northern  boundaries  correspond  remarkably 
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with  those  on  the  south  side  of  the  Cimarron.  The  general  appear- 
ance of  the  valley,  only  a  small  portion  of  which  is  west  of  the  one- 
hundredth  meridian,  is  that  of  a  valley  of  erosion,  with  the  sandhills 
representing  the  residual  sands  left  behind  after  the  surface  drainage 
had  carried  away  the  finer  silt  and  clay. 

The  Cimarron  seems  to  have  reached  base-level  and  to  have  begun 
meandering  across  its  flood  plain.  Beautiful  oxbow  curves  are  fre- 
quent, and  a  sluggish  nature  is  everywhere  manifest  during  times  of 
low  water.  The  lesser  tributaries  usually  have  deep,  narrow  valleys, 
except  near  where  they  break  through  the  bluff  lines  into  the  Cimar. 
ron.  Here  they  often  widen  into  surprising  forms,  and  generally  have 
their  flood  plains  strewn  with  residual  sands  retained  from  the  Tertiary 
beds  of  sand  and  clay. 

CROOKED  CREEK  VALLEY  AND  FAULT. 

Crooked  Creek,  the  third  largest  stream  in  this  area,  has  some  anom- 
alous features  which  make  it  interesting.     It  rises  in  the  eastern  part, 
of  Haskell  County  and  flows  almost  due  east  to  near  the  little  village 
of  Wilburn.     Here  it  suddenly  turns  to  the  southwest,  making  an 
sCngle  of  about  60°  with  itself,  to  about  20  miles  south  of  Meade,  where 
it  bears  southeastward  to  its  junction  with  the  Cimarron  River.    Tho 
sharp  angle  in  its  course  at  Wilburn  and  its  southwestern  course 
between  Wilburn  and  Meade,  across  a  country  with  a  maximum  incli- 
nation  to  the  southeast,  are  anomalous  for  a  stream  in  southwesterr* 
Kansas.     The  area  in  the  southeastern  part  of  Meade  County  is  gashe^i 
here  and  there  with  lesser  drainage  channels,  all  of  which  drain  t<^ 
the  southeast  in  lines  approximately  parallel  with  the  lower  part>  o^ 
Crooked  Creek.     Some  of  these  lesser  channels  rise  almost  on  the  east- 
ern bank  of  Crooked  Creek,  leaving  an  unaltered  table-land  along  th.^ 
eastern  bank  of  the  creek,  often  little  more  than  a  mile  in  width, 
is  well  shown  on  the  Meade  tgpographic  sheet. 

These  peculiar  physiographic  conditions  in  the  vicinity  of  Crooks 
Creek,  in  connection  with  geological  data  gathered  from  wells,  led  ti». 
writer  to  conclude  that  local  deformation  had  produced  them,  and 
preliminary  notice  of  the  same  was  published,^  from  which  the  folio 
ing  extracts  may  be  taken : 


The  bluff  lines  along  Crooked  Creek  are  quite  interesting  in  character,  partic 
larly  below  Meade.    Throughout  the  portion  of  its  course  where  it  flows  east  tt*^ 
bluffs  on  either  side  of  the  creek  are  not  especially  different  from  the  ordinary- 
Tributaries  from  the  north  are  most  numerous,  but  quite  a  number  are  fonri*^ 
entering  the  creek  from  the  south  in  the  northwestern  part  of  Meade  CJounty- 
Farther  east,  opposite  the  artesian  area,  no  tributaries  of  any  consequence  ax^ 
found  on  the  south,  while  arroyos  of  greater  or  less  size  are  found  every  mile  or 
two  on  the  north.    For  20  miles  below  the  sharp  angle  at  Wilburn  scarcely  * 
tributary  as  much  as  2  miles  in  length  enters  from  the  east,  while  below  Meade 
the  drainage  streams  flowing  southeast  to  the  Cimarron  rise  almost  on  the  verge 
of  the  eastern  bluffs  of  Crooked  Creek.    Throughout  this  distance  many  tributaries 
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enter  from  the  west,  the  most  important  being  Spring  Creek,  about  12  miles  long, 
and  Stamp  Arroyo,  nearly  as  long. 

The  general  character  of  the  nplands  is  that  of  a  broad  plain  inclined  to  the 
southeast  about  10  feet  to  the  mile.    The  various  drainage  channels  are  cut  down 
into  this  plain,  generally  producing  abrupt  bluffs  on  each  side.    From  Wilbum 
to  Meade,  however,  the  bluffs  of  Crooked  Creek  are  far  apart,  with  the  whole  of 
the  artesian  area  between.    Below  Meade  the  bluffs  on  the  east  side  of  the  creek 
are  high  and  abrupt,  often  being  almost  precipitous  in  character.    They  have  a 
decidedly  new  appearance,  as  though  the  erosion  which  produced  them  was  very 
modem.    Almost  none  of  the  rounded  forms  of  old  age  are  to  be  found,  but  the 
angular  points  and  steep  walls  of  recent  formation  are  everywhere  present.    On 
the  western  side  there  is  a  gently  sloping  plain  stretching  from  the  creek  to  from 
1  to  5  miles  away,  producing  an  appearance  scarcely  duplicated  within  the  State. 
The  general  upland  plain  from  8  to  12  miles  to  the  west  of  Crooked  Creek  both 
physiographically  and  geplogically  corresponds  with  the  plain  on  the  east  of  the 
creek,  which  approaches  to  within  less  than  a  quarter  of  a  mile  of  the  creek  val- 
ley.  The  general  appearance  from  Meade  southward  is  that  of  a  fault,  with  the 
western  wall  dropped  and  Crooked  Creek  occupying  a  position  over  the  fault  line. 
Northward  the  whole  artesian  valley  seems  to  have  been  dropped  downward, 
leaving  an  abrupt  wall  on  the  west  and  a  more  gentle  wall  on  the  east.    Standing 
anywhere  in  the  valley,  one  can  see  the  wall  all  around.    On  the  west  it  is  con- 
siderably over  100  feet  in  height,  while  to  the  east  it  is  somewhat  less,  but  still 
^ery  perceptible.    We  have  here  a  valley  occupying  about  60  square  miles  which 
^  80  different  from  anything  else  known  in  this  part  of  the  country  that  it  is 
^^oeedingly  difficult  to  explain  its  origin  by  attributing  it  to  erosion.    The  peculiar 
position  of  the  creek  is  likewise  hard  to  explain  by  ordinary  erosion.     The  sharp 
*ogle  at  Wilbum  and  the  southwestern  direction  for  nearly  20  miles  across  a 
plain  sloping  to  the  southeast  are  certainly  verj^  remarkable,  and  probably  have 
*  cause  different  from  that  which  ordinarily  determines  the  location  and  direction 
^^  streams.    But  if  in  post-Tertiary  times  a  triangular  area  equaling  in  size  and 
Potion  the  present  artesian  area  could  have  dropped  100  feet  or  more,  with  a 
*'^gle  fault  line  extending  southward  to  beyond  the  limits  of  Kansas,  thereby 
^'^xiging  the  direction  of  Crooked  Creek  into  the  present  channel  below  Wilbum, 
^^  general  physiographic  conditions  could  easily  be  accounted  for. 

^t;  should  be  added  that  there  is  a  chain  of  wet- weather  lakes  reaching  eastward 

""'^iii  Wilbum  to  the  north  of  Minneola  which  may  represent  the  former  channel 

J       t;he  eastward  extension  of  Crooked  Creek.    An  examination  of  the  country 

®^^  more  color  to  this  view  than  can  be  gained  from  the  United  States  topo- 

^'^'^phic  sheets,  for  20-foot  contour  lines  often  fail  to  represent  physiographic 

^^^^ditions  of  great  importance  in  such  studies  as  these. 

-Along  the  upper  part  of  Crooked  Creek,  from  a  few  miles  above 

^^  ilbum,  the  general  conditions  are  those  of  a  stream  that  lias  not  yet 

''^^ched  base-level.     In  the  artesian  area  and  at  all  points  below,  the 

^^^ek  has  a  valley  of  considerable  width  and  the  general  appearance 

^^  a  stream  which  has  long  ago  reached  its  base-level.     The  numerous 

^^-bow  curves,  due  to  the  migration  of  the  channel,  are  everywhere 

X^t'esent.     In  addition  to  this,  it  is  generally  found  that  it  has  built  up 

^tis  banks  until  they  are  higher  than  the  adjacent  valleys.     This  is  true 

^a  perceptible  degree  almost  entirely  through  the  artesian  valley,  and 

i^s  also  true,  but  to  a  less  extent,  in  the  valley  below  Meade. 

The  general  uplands  of  the  area  under  consideration  have  the  appear- 
ance of  a  broad  peneplain  which  has  been  so  elevated  that  a  new^  set 
of  flood  plains  is  now  being  produced  along  the  various  channels.     In 
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the  western  part  the  inclination  of  the  surface  is  uniform  and  genti 
and  but  few  channels  of  any  description  are  found.     The  rapid  incX  iJ^ 
nation  of  the  surface  to  the  southeast  throughout  nearly  all  Mea^^ 
County  and  the  southern  part  of  Seward  County  gives  so  great  a  f ^Jj 
to  the  streams  that  their  erosive  action  is  more  pronounce,  and  con- 
sequently the  surface  has  been  changed  to  greater  depth  and  a  corre- 
sponding rugged  topography  produced.    The  rainfall  is  so  meager  that- 
few  of  the  streams  have  water  in  them  as  much  as  a  quarter  of  the 
year.     Those  which  have  worn  their  channels  deep  enough  to  como 
into  contact  with  the  general  underflow  water  have  springs  and  seeps 
in  great  abundance  along  them,  and  pools  of  living  water  throughout, 
the  entire  year.     This  wearing  down  probably  has  occurred,  however, 
since  the  main  part  of  the  erosion  was  done,  and  consequently  hjus 
exerted  but  a  limited  influence  on  the  general  physiographic  features- 

SAND  DUNES. 

One  of  the  interesting  topographic  features  frequently  observed  i^ 
that  produced  by  the  sand  hills  or  sand  dunes.     On  the  south  side  o^ 
the  Arkansas,  throughout  its  entire  length  in  this  area,  a  strip  (p^ 
country  varying  from  4  to  as  much  as  15  or  18  miles  in  width  is  eov — 
ered  by  loose  sand  which  has  been  blown  by  the  winds  into  the  hilL3=^ 
and  hummocks  so  common  in  sandy  countries.     The  area  is  exceed  — 
ingly  irregular  in  its  southern  boundary.     In  some  places  it  is  nc^'^ 
more  than  3  or  4  miles  across,  while  in  others  the  distance  is  miic 
greater.     Near  the  western  side  of  the  Garden  quadrangle  the  san 
hills  reach  southward  from  the  river  almost  uninterruptedly  to  withi 
Haskell  County,  a  distance  of  from  18  to  20  miles.     Immediately 
south  of  Garden  the  sand  hills  extend  only  about  7  or  8  miles,  where 
strip  of  country  is  reached  on  which  there  is  but  little  sand.    B\:m^  ^ 
farther  east,  through  the  eastern  tier  of  t/ownships  in  Haskell  Counts ^^ 
and  Finney  County,  another  southern  projection  of  the  sand  hills  ar^*-^ 
reaches  from  12  to  15  miles  south  of  the  river.     Still  farther  east,  L  ^ 
Gray  County,  south  of  Ingalls  and  Cimarron,  the   sands  likewi^^ 
extend  from  12  to  18  miles  south  of  the  river,  or  to  within  5  or  6  mil^^* 
of  Montezuma.     East  of  this  area  again,  throughout  the  remaind^^^ 
of  the  Dodge  quadrangle,  the  sand  hills  area  gradually  contracts  S--^ 
width,  so  that  immediately  south  of  Dodge  it  is  only  4  or  5  miles  ^-^" 
width.     The  extent  and  location  of  the  sand  hills  are  well  represent^^^ 
on  the  topographic  sheets  of  the  United  States  Geological  Survey. 

In  most  places,  both  north  and  south  of  the  river,  outside  of  tt^^ 
area  of  river  sand  hills,  relatively  little  sand  is  found  on  the  uplanA^- 
In  the  vicinity  of  Wilburn  and  Fowler,  hoSvever,  east  of  Crook^^ 
Creek,  an  area  of  sand  hills  exists,  covering  50  square  miles  or  mor^» 
which  has  a  general  appearance  similar  to  that  of  the  river  sand  hiU^ 
area.     The  character  of  the  sand  is  practically  the  same,  and  in  most 
respects  the  conditions  south  of  the  Arkansas  River  are  duplicated. 
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Again,  in  the  southeast  part  of  Meade  County,  in  the  broad  Cimarron 
Valley  to  the  north  of  Englewood,  an  area  of  from  12  to  18  miles  in 
width  is  covered  with  sand  dunes  which  are  practically  the  same  as 
those  on  the  south  side  of  the  Arkansas.  The  whole  face  of  the  coun- 
try here  for  many  miles  up  and  down  the  Cimarron  River,  except 
some  irregularly  shaped  areas,  is  covered  with  the  sand.  The  excep- 
tions referred  to  are  peculiar  and  interesting.  The  greater  part  of 
the  valley  occupied  by  Colonel  Perry's  ranch  has  but  few  sand  hills. 
Here  we  have  an  area  4  or  5  miles  across,  lying  between  the  sand  hills 
proper  and  the  Cimarron  River,  the  general  character  of  whose  soil  is 
that  of  the  alluvial  soil  common  to  the  flood  plains  of  rivers.  Far- 
ther down  the  river  to  the  east  the  sand  hills  approach  almost  to  the 
river  bank. 

To  the  north  of  Englewood,  where  the  sand  hills  are  best  developed, 
a  portion  of  which  territorj^  lies  within  the  Meade  quadrangle,  the 
sand  practically  covers  the  whole  face  of  the  country.  It  is  blown 
into  hills  and  valleys,  irregular  in  outline  and  position,  with  no 
apparent  indication  of  the  directions  from  which  the  principal  winds 
^^nie.  Here  and  there  the  sand  is  still  blowing,  producing  barefaced 
hills  with  no  vegetable  covering,  showing  that  the  movement  is  still 

• 

^^  progress.  The  greater  part  of  the  surface,  however,  is  well  cov- 
^r^d  with  vegetation,  which  implies  a  cessation  of  the  sand  move- 
"*^nt.  The  principal  sand  dunes  seem  to  be  residual  in  character — 
"^Hsses  of  sand  left  behind  after  the  finer  parts  have  been  carried 
ftWay  by  wind  and  water.  For  a  fuller  treatment  of  this  subject  the 
''^B.cler  is  referred  to  a  discussion  of  the  Physical  Properties  of  the 
^^rtia^y,  by  the  writer,  in  Volume  II,  University  Geological  Survey  of 
^Hnsas. 

PECULIAR   ARROYO    EROSION. 

A  peculiar  form  of  valley  erosion  is  noticed  throughout  western 
Kansas,  a  form  thus  far  unobserved  elsewhere  by  the  writer,  and  one 
^^pon  which  no  literature  seems  to  exist.  The  lesser  tributaries  to 
^tie  principal  drainage  channels  in  their  uppermost  course  frequently 
^Te  quite  void  of  water  almost  the  entire  year.  As  a  result  of  this, 
Buffalo  grass  or  blue  st^m  entirely  covers  the  bottom  of  the  arroyos. 
^uch  arroyos  usually  are  from  50  to  200  feet  in  width,  even  to  their 
Very  sources.  The  peculiar  and  characteristic  feature  of  such  arroyos 
is  the  shape  of  the  bank  at  the  margins.  In  almost  all  instances  over 
Xhe  whole  western  part  of  Kansas  such  arroyos  have  a  vertical  wall 
^t  the  outside  part  of  the  bank,  varying  in  height  from  2  to  3  feet  to 
^  minimum  of  only  a  few  inches.  The  whole  bottom  of  the  arroyo  is, 
«t8  a  rule,  covered  with  grass,  and  seems  t-o  have  no  corrasion  marks 
along  it.  But  on  the  outer  border's  the  arroyo  is  separated  from 
the  main  upland  plain  by  the  vertical  wall.  This  feature  is  some- 
times noted  to  a  limited  ext/cnt  along  the  little  sink  holes  which  are  so 
abundant  in  this  part  of  the  country.     Some  of  these  depressions, 
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measurin^*^  no  jnore  than  10  or  15  feet  across,  have  the  buffalo  gr^i^ss 
growing  all  over  them,  and  have  their  walls  assuming  this  verti 
character,  in  every  respect  similar  to  the  walls  of  the  arroyos. 

These  interesting  features  of  the  physiography  of  the  Tertiary  pla.i 
seem  to  have  been  caused  by  the  underground  creeping  of  the  loose^r 
sands  and  clay  which  are  not  held  together  })y  the  grass  roots  of  the 
sod.     As  water  is  so  rare  in  the  arroyos,  the  conditions  are  as  favor- 
able for  the  grow  th  of  vegetation  in  the  bottom  of  the  arroyos  them- 
selves as  on  the  uplands.    When  the  rains  come,  the  ground  is  soften od 
probably  more  in  the  arroyos  than  elsewhere,  and  is  thereby  maclo 
more  easily  movable.     The  existence  of  the  wat^r  is  of  so  short    i^ 
duration  that  the  mechanical  action  of  its  flow  is  not  sufficient  to  cor- 
rade  the  surface.     But  as  the  inclination  is  generally  quite  steep,  and 
as  the  water  softens  the  clays  and  sands,  gravity  will  cause  a  slo^**"* 
but  constant  creeping  downstream  of  the  material  which  is  not  hel<3. 
in  place  by  the  gravss  roots.     In  this  way  the  effect  is  similar  totli^*'^ 
which  w-ould  be  produced  were  a  blanket  spread  from  bank  to  bank 
of  the  arroyo,  a  blanket  which  was  not  removed  or  carried  away  l>y 
the  drainage,  but  which  would  allow^  the  grounds  beneath  to  becona© 
softened  and  creep  downstream  by  the  influence  of  gravity.    Tlie 
blanket  in  question  would  move  vertically  downward  as  the  material 
beneath  it  was  carried  away,  and  the  vertical  walls  at  the  outside  of 
the  blanket  would  be  maintained,  constantly  growing  higher  as  the 
materials  from  beneath  were  removed  by  the  downward  creeping. 

geol.oc;y  of  the  area. 

The  general  geology  of  this  part  of  the  State  is  now  fairly  well 
known.  Excepting  a  few^  small  portions  in  the  southeast,  the  whole 
area  is  covered  wMth  Tertiary  sands,  gravels,  and  clays.  The  lower- 
most formation  is  the  Red  Beds,  which  are  exposed  along  a  few  of  the 
bluff  lines  and  in  some  of  the  lowest  valleys  in  the  extreme  south- 
eastern part  of  the  3feade  quadrangle.  Farther  to  the  east,  in  Clark 
County  and  l)eyond,  the  Comanche  overlies  the  Red  Beds.  This 
formation  thins  westward,  however,  so  that  only  a  few  feet  of  the 
black  Comanche  shales  is  found  anywhere  within  the  Meade  quad- 
rangle, and  that  in  the  extreme  eastern  part.  It  seems  entirely  to 
disappear  westward,  as  no  traces  of  it  have  been  found.  Above  the 
Comanche  lies  the  Dakota,  a  formation  consisting  largely  of  sand- 
stone. It  is  not  exposed  at  the  surface  anywhere  within  this  area, 
but  has  been  reached  frequently  l)y  wells,  and  is  known  to  exist  both 
to  the  east  and  to  the  w^est,  so  we  are  sure  it  is  spread  over  the  whole 
of  the  northern  and  central  parts.  The  Dakota  is  followed  by  the 
Benton,  which  is  largely  a  limestone  formation  consisting  of  beds  of 
limestone  alternating  with  black  shale.  It  is  found  exposed  at  the 
surface  in  a  few^  of  the  arroyos  of  Crooked  Creek  and  along  the  Saw- 
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log  in  the  northeastern  part  of  the  Dodge  quadrangle,  and  it  probably 
underlies  the  northern  part  of  the  Meade  quadrangle.  Covering  the 
whole  of  these  is  the  thin  mantle  of  the  Tertiary  sands  and  gravels. 

RED    BEDS. 

The  Red  Beds  cover  wide  areas  in  south-central  Kansas.  Thej^ 
occupy  the  surface  over  the  greater  part  of  Clark,  Comanche,  and 
other  counties  to  the  east  as  far  as  Sumner  County.  They  extend 
westward  into  Meade  County,  and  are  found  at  or  near  the  surface 
over  live  or  six  townships  in  the  extreme  southeast  corner  of  the 
Meade  quadrangle.  The  broad  valley  around  Englewood,  which 
reaches  northwest  almost  to  Cash  City,  has  the  Red  Beds  for  its  floor. 
The  Tertiary  sands  and  gravels  are  irregularly  scattered  over  this  val- 
ley, in  some  places  as  much  as  50  or  100  feet  thick,  while  elsewhere 
the  Red  Beds  are  exposed  on  the  surface.  They  constitute  the  main 
mass  of  the  hills  and  bluffs  to  the  west  and  northwest  of  Englewood, 
but  on  account  of  the  Tertiary  capping  of  the  hills  and  the  Tertiary 
sands  and  gravels  in  the  valley  below,  when  represented  on  the  map 
they  appear  as  narrow  strips  winding  back  and  forth  through  the 
course  of  the  various  lesser  tributaries,  unless,  indeed,  the  thin  cov- 
ering of  the  Tertiary  in  the  valley  should  be  neglected,  and  the  whole 
represented  as  the  Red  Beds.  They  are  exposed  in  the  bluffs  on  both 
sides  of  the  Cimarron  at  Englewood  and  on  both  sides  of  Crooked 
Creek  as  far  up  as  Odee  post-office,  the  farthest  northwest  exposure 
known  covering  a  small  area  on  the  east  bank  of  Crooked  Creek  about 
3  miles  above  Odee. 

The  character  of  the  upper  surface  of  the  Red  Beds  is  interesting 
on  account  of  the  great  irregularities  which  it  presents.  An  exam- 
ination of  section  1  of  PI.  IV  will  show  that  the  surface  of  the  country 
drops  rapidly  southward  from  near  Minneola,  and  that  the  surface  of 
the  Red  Beds  likewise  drops,  inasmuch  as  it  is  about  parallel  to  the 
general  surface  of  the  country.  Aside  from  this  rapid  inclination 
southward  there  are  other  local  irregularities.  In  the  Cimarron  Val- 
ley, where  the  whole  surface  is  covered  by  a  layer  of  the  soil  and 
silt  from  10  to  15  feet  deep  on  an  average,  occasional  places  have  been 
found  in  well  drilling  where  great  depressions  exist.  At  one  farm- 
house, on  the  land  of  Colonel  Perry,  a  well  was  sunk  to  the  unusual 
depth  of  175  feet  without  reaching  the  Red  Beds,  while  less  than  a 
half  mile  away  they  are  exposed  almost  at  the  surface.  Such  irregu- 
larities are  probably  due  to  surface  erosion  in  pre-Tertiary  time. 

Another  irregularity  is  present  which  is  probably  of  a  different  kind. 
As  just  stated,  the  Red  Beds  constitute  the  main  part  of  the  bluffs 
on  the  eastern  bank  of  Crooked  Creek  from  Odee  to  its  junction  with 
the  Cimarron,  and  on  the  left  bank  of  the  Cimarron  a  few  miles  below. 
On  the  west  bank  of  Crooked  Creek  the  Red  Beds  are  not  found. 
Neither  are  they  found  on  the  south  side  of  the  Cimarron  until  a  point 
is  reached  near  the  mouth  of  Crooked  Creek,  or  almost  in  line  with 
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•end  of  the  lower  part  of  Crooked  Creek,  when  suddenly  the^ 
r  on  the  south  side  of  the  Cimarron  in  forms  as  massive  an< 
nent  as  those  on  the  north.     This  remarkable  condition  of  th 
on  of  the  Red  Beds  along  C'rooked  Creek  has  already  bee 
ed  to  in  these  pages,  and  has  been  explained  by  assuming 
line  to  exist  along  Crooked  Creek,  with  the  strata  on  the  wes 
[le  dropped  to  an  unknown  distance,  at  least  100  or  150  feet, 
•onstitution  the  Red  Beds  differ  fi'om  anything  else  known 
IS  in  a  few  important  respects.     Their  bright  color  is  their  m( 
Qg  characteristic.     Wherever  they  are  found  they  are  read  "i  j,. 
lized   by  this  feature.     No  samples  of  them   have  yet  be^,^:^.^ 
sed  to  determine  their  chemical  composition,  but  it  isevid^:^^^ 
heir  brilliant  color  is  due  to  the  presence  of  large  quantitie:^  <3/ 
tide  of  iron  intimately  intermixed  through   the  whole  m^^^s. 
vary  considerably  from  place  to  place,  but  seem  to  be  compos^^d 
ly  of  clay  and  sand,  very  imperfectly  bedded,  but  always  colon^sKi. 
•ed  iron  oxide.     In  places  far  to  the  east  we  find  beds  of  san^^-- 

sufficiently   cemented  to  form  a  low-grade   building  stoa 
here  the  sands  are  entirely  wanting.     Many  samples  of  the 
ave  been  examined  which  apparently  contained  not  even  traci 

fine  sand. 

►sum  is  another  constituent,  which  assumes  great  prominen< 
vicinity  of  Medicine  Lodge  and  farther  to  the  west.  It  seei 
well  stratified  in  the  vicinity  of  Medicine  Lodge,  forming  heav 

from  5  to  10  feet  in  thickness.     These  strata  have  a  latei 
'j  of  many  miles,  and  have  been  important  agents  in  the  produ 
I  the  peculiar  and  varied  physiography  for  which  portions 
r  and  Comanche  counties  are  noted.     Gypsum  has  also 
d  in  many  fissures,  large  or  small,  which  cut  the  Red  Beds 
18  places.     These  forms  of  gypsum  are  secondary  in  origin,  an 
bo  have  been  deposited  by  infiltrating  water  probably  long  afl 
m[  Beds  themselves  were  lift-ed  into  dry  land. 

is  likewise  scattered  irregularly  through  the  Red  Beds.    lU        ^s 
jd  out  by  the  water  and  is  deposited  along  the  salt  marshes     ^^o 
on  in  the  Cimarron  River  Valley  to  the  south  of  the  State  lir:M.^. 
bly  the  salt  is  irregularly  disseminated  throughout  the  materi^^; 
»ly  heavy  deposits  of  rock  salt  may  yet  be  found  beneath  tli^ 
le,  although  no  positive  indication  of  such  has  yet  been  observec/. 
certain,  however,  that  in  some  way,  while  the  Red  Beds  were 
ig,  conditions  were  favorable  for  the  accumulation  of  salt  to  so 
an  extent  that  in  the  aggregate  the  amount  deposited  is  very 
ierable. 

IS  far  no  fossils  of  any  kind  have  been  found  anywhere  in  the 
^eds  within  this  State.  Those  of  Texas  have  yielded  fossils  of 
an  character,  and  it  is  probable  that  they  are  of  the  same  age 
80  of  Kansas,  although  they  have  not  yet  been  positively  shown 


y 


)f 


)RTH.]  RED   BEDS.  29 

e  connected.  Little  true  stratification  can  be  noted  in  the  Red 
8  in  places  where  their  principal  component  is  clay,  but  when 
I  becomes  more  abundant,  so  as  to  form  a  sandstone,  the  bedding 
les  are  more  strongly  marked.  In  the  southeastern  part  of  the 
de  quadrangle,  immediately  at  the  summit  of  the  Red  Beds,  is  a 
rably  well  defined  sandstone  from  3  to  6  feet  in  thickness,  called 
Basin  sandstone,  on  account  of  its  being  so  prominent  in  the  walls 
md  the  great  basin  in  Clark  County.  At  the  southwesternmost 
>sure  of  the  Red  Be<ls  at  Odee  this  sandstone  seems  to  be  wanting, 
le  the  clay  composing  them  is  so  entirely  fi'ee  from  sand  that  no 
can  l>e  detected  by  the  teeth. 

his  absence  of  lo<ml  stratification  is  almost  lost  sight  of  when  we 
:4?m plate  the  Red  Beds  as  covering  wide  areas.  They  form  a 
ked  horizon  between  the  Comanche  or  Dakota  above  and  the 
?k  shales  and  buff  limestone  of  the  Permian  below.  Through  all 
tern  Kansas  they  incline  to  the  east  or  northeast  or  southeast, 
3  well  shown  by  noting  on  the  map  their  elevations  at  different 
568  where  found.  Where  exposed  at  Odee  they  have  an  elevation 
learly  2,400  feet,  while  in  the  bluffs  near  Englewood,  in  places 
jre  we  know  the  measurements  a^e  made  on  the  uneroded  upper 
Face,  their  elevation  is  but  little  more  than  2,100  feet,  making  a 
of  the  upper  surface  to  the  east  of  fully  250  feet  in  a  distance  of 
ailes,  or  an  average  of  near  17  feet  to  the  mile.  The  same  Red 
s  were  reached  in  a  deep  well  at  Santa  Fe  years  ago  at  an  eleva- 
considerably  greater  than  where  they  are  exposed  at  Odee,  show- 
that  as  they  extend  westward  their  upper  surface  rises. 
he  origin  of  the  Red  Beds  is  pretty  well  indicated  by  their  char- 
ir.  The  large  amount  of  iron  oxide,  of  gypsum,  and  of  salt  which 
T  contain,  and  the  total  absence  of  fossils,  imply  that  they  are  the 
lit  of  the  accumulation  of  sediment  in  a  concentrated  ocean  water, 
ly  characteristics  of  the  formations  in  central  Kansas  in  the  Upper 
mian  point  to  the  existence  of  an  inland  ocean  which  was  ovapo- 
Qg  more  rapidly  than  it  was  filling  from  surface  drainage,  thus 
lucing  a  stronger  and  stronger  brine.  The  large  deposits  of  rock 
in  what  has  heretofore  been  called  the  Upper  Permian — the  salt 
3  supplying  the  mines  at  Hutchinson,  Lyons,  and  other  places  in 
south-central  part  of  Kansas — have  probably  been  formed  by  the 
ceation  of  an  inland  ocean.  The  dark-colored  shale  which  is 
>edded  with  the  salt  in  these  places  likewise  implies  that  sufficient 
inic  matter,  either  from  sea  or  land,  was  accumulated  with  the 
;hy  masses  which  constitute  the  shale  to  give  them  their  black 
►r.  As  time  passed  the  accumulation  o^  organic  matter  frnm  all 
roes  was  finally  prevented.  As  a  result,  the  surface  oxidation  of 
iron  compounds  leached  from  the  adjacent  land  was  carried  on  to 
extent  sufficient  to  produce  the  red  color  in  the  sands  and  clays  of 
Red  Beds. 
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An  important  lesson  may  be  gathered  from  these  considerations 
one  studying  the  water  problem  in  western  Kansas.     Should  a  w( 
penetrate  the   Red  Beds,  their  fine-grained,  compact,  argillaceo 
character  makes  it  extremely  doubtful  whether  water  in  any  consi 
erable  quantity  can  be  obtained  from  them;  and  still  w^orse,  shoi 
water  be  obtained  it  is  almost  certain  to  be  so  mineralized  with 
and  gypsum    and  other  soluble  products  that  it  will  be  entii 
unsuited  for  either  domestic  purposes  or  for  irrigation.     Therefc^- 
should  anyone  when  using  the  drill  in  the  search  for  water  anywL- 
in  the  southwestern  part  of  the  State  penetrate  the  Red  Beds, 
should  immediately  discontinue  boring,  lest  he  sjwil  the  characte] 
the  water  he  may  have  already  obtained. 

DAKOTA. 

The  Dakota  formation  underlies  about  three-fourths  of  the  ar-^a 
covered  by  this  report.  Its  position  is  well  shown  in  the  accompaiiM.  J- 
ing  geologic  sections  (PI.  IV,  p.  42).  From  these  it  will  be  seen  thafc  it 
gradually  thickens  to  the  north  and  thins  southward  until  it  entirely 
disappears.  The  southeastern  limits  of  the  Dakota  can  not  be  ov»t- 
lined  in  detail  on  account  of  the  heavy  mantle  of  Tertiary  whi-Cih 
conceals  it  from  view  in  most  places. 

In  character  the  Dakota  is  largely  a  sandstone  formation,  so  miK^h 
so,   indeed,   that   it   is  frequently  spoken  of  as  the  Dakota  san^^- 
stone.     Every  deep  well  which  has  penetrated  it  in  southwestorn 
Kansas  shows  that  shales  are  embedded  with  the  sandstone.     TTb© 
extent  of  these  shale  deposits  is  not  known,  for  nowhere  can  we  fixid 
any  exposure  of  the  Dakota  at  the  surface.     Farther  east,  in  otlx^r 
parts  of  Kansas  where  they  come  to  the  surface,  it  is  seen  that,    a 
considerable  proportion  of  the  thickness — probably  mor^  than  half — 
is  shale  of  some  kind.     In  most  places  where  exposed  at  the  8urf»^^ 
in  Kansas  the  sandstone  is  colored  brownish  red  by  iron  oxide,  and   ^^ 
some  places  in  this  area  the  drill  has  brought  up  the  same  brownisl^' 
colored  sand.     Farther  west  in  Kansas  and  Colorado  the  brown  col^^ 
is  not  so  prominent. 

The  Dakota  formation  has  an  unusually  great  extension.  It  reaot^^-^ 
from  the  Dakotas  southward  into  Texas,  and  probably  beyond;  fro*^ 
central  Kansas  westward  to  the  "Hogback,"  near  the  eastern  footbi^** 
of  the  Rocky  Mountains,  and  northwestward  into  Montana  and  W>" 
ming.  As  a  sandstone  it  is  characterized  by  great  uniformity  of  t^ 
ture  and  a  small  amount  of  cementing  material  to  bind  the  gra*^ 
together.  The  latter  property  makes  it  an  open  and  porous  rock, 
that  it  can  serve  as  a  great  underground  reservoir  capable  of  ho 
ing  a  high  percentage  of  water  or  of  allowing  a  relatively  free  tra 
mission  of  water  from  one  place  to  another  within  it.     Westward  fr<^^^ 


Kansas  it  is  found  sometimes  at  the  surface,  where  it  can  absorb  t  "^ 
rainfall,  sometimes  in  contact  with  the  Tertiary,  so  that  the 


LWORTH.]  BENTON    FORMATION.  31 

•oimd  water  of  that  formation  mingles  with  its  own,  and  sometimes 
iried  l)eneath  the  Benton  and  higher  Cretaeeous  formations.  It 
ems  to  have  an  unbroken  continuity  from  its  exi>osure  in  Kansas 
&stwai"d  almost  to  the  mountains,  throughout  which  distance  it  has 
I  average  dip  io  the  east  of  from  5  t^)  8  feet  to  the  mile.  It  is,  there- 
re,  a  most  important  formation  to  anyone  studying  the  water  prob- 
m  in  Kansas,  and  will  be  recalled  for  a  further  discussion  later  in  this 
port. 

BENTON. 

Above  the  Dakota-  lies  the  Benton,  a  formation  composed  of  alter- 
iting  beds  of  limestone  and  black  or  dark-colored  shale.  The 
•oportion  of  shale  to  limestone  is  probably  about  as  1  to  4  or  5. 
^le  limestone  is  generally  a  light  buff  in  color,  sometimes  inclined  to 
bluish  hue  on  unweathered  surfaces.  It  is  usually  much  softer 
an  ordinary  limestone,  but  fragments  exposed  at  the  surface  show 
^rceptible  hardening.  It  always  contains  large  quantities  of  fossil 
ells. 

The  Benton  formation  is  exposed  at  the  surface  in  the  northeastern 
trt  of  the  Dodge  quadrangle  along  Sawlog  Creek  and  some  of  its 
eper  tributaries.  It  is  again  exposed  over  small  areas  in  places 
^ng  the  northern  tribuUiries  of  Crooked  Creek  in  the  southern  part 
Oray  County.  Aside  from  these  two  limited  areas  it  is  entirely 
neealed  from  view  by  the  overlying  Tertiary  sands  and  clays.  How- 
er,  we  know  from  the  records  of  different  wells  and  from  its  occur- 
ace  elsewhere  that  it  underlies  the  Tertiary  formations  over  the 
^ole  of  the  northern  part  of  this  area,  reaching  southward  to  the 
nlcs  of  Crooked  Creek,  and  probably  farther  on  the  western  side. 
Many  wells  reached  it  at  different  places  in  township  29,  in  the 
itihern  part  of  Gray  and  Ford  counties,  some  of  which  penetrated 
I  SO  feet  and  more  without  passing  through  it,  while  others,  farther 
!^t;  and  south,  proved  that  its  thickness  there  was  much  less.  The 
y  well  at  Santa  Fe  is  reported  to  have  found  but  13  feet  of  the 
Xiton  limestone.  It  would  seem,  therefore,  that  there  is  a  consider- 
1^  thickening  east  from  Santa  Fe,  as  shown  in  the  geologic  section, 
f^arther  west,  in  the  vicinity  of  Hartland,  Kendall,  Syracuse,  and 
<^^idge,  the  Benton  is  exposed  in  the  bluffs  along  the  north  bank  of 
^  Arkansas  River,  furnishing  a  limestone  which  is  quarried  at 
l^^rent  places.  There  is  little  room  to  doubt,  therefore,  that  the 
'^ton  underlies  the  whole  of  the  area  north  from  the  southern  limits 
^g  Crooked  Creek  to  Santa  Fe,  as  already  described, 
^^ither  the  Benton  limestones  nor  shales  are  water  bearing.  Not 
^^gle  well  has  yet  been  drilled  in  the  shales  which  found  water  in 
^>^x.  The  limestone  is  a  fine-grained  mass,  capable  of  holding  or 
"^^ssmitting  but  little  water,  while  the  shales  are  so  close  and  com- 
'^  that  they  are  entirely  incapable  of  i)ermitting  any  consider- 
^  quantity  of  water  to  pass  through  them.     The  Benton,  therefore, 
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furnishes  a  floor  impervious  to  the  water  of  the  overlying  Ter- 
tiary sands,  a  floor  preventing  the  Tertiary  ground  water  from  pass- 
ing downward  and  the  water  of  the  Dakota  sandstone  from  passing 
upward. 

TERTIARY. 

The  Tertiary  formations  in  Kansas  are  composed  principally  of 
gravel,  sand,  black  sand,  clay,  and  silt,  with  a  small  amount  of 
material  usually  called  **  volcanic  ash."  These  materials  are  mixed 
together  in  an  irregular  manner,  so  that  the  same  relation  does  not 
exist  between  them  in  different  localities.  The  gravel  consists  of 
pebbles  varying  in  size  from  4  or  5  inches  in  diameter  to  the  finest, 
grading  into  sand.  They  are  composed  principally  of  the  ordinar)^ 
rock-forming  minerals,  and  seem  to  be  fragments  of  granite,  syenite, 
porphyry,  andesite,  rhyolite,  basalt,  and  not  infrequently  of  pure 
quartz.  Their  character  leaves  little  room  for  doubt  that  they  were 
carried  here  from  the  mountains  to  the  west. 

The  relative  position  of  the  gravel  beds  is  variable.  In  some  places 
they  seem  to  be  near  the  bottom  of  the  Tertiary;  elsewhere  they  are 
on  the  summit  of  the  highest  hills.  A  good  example  of  the  latter  is 
found  along  Spring  Cr^ek,  in  Meade  County,  about  4  to  8  miles  south- 
west of  Meade  Center.  Here  the  so-called  mortar  beds — a  mass  of 
gravel  and  sand  cemented  with  calcium  carbonate — cap  the  top  of 
the  highest  hills  in  the  country.  Some  of  them  have  the  butte  form 
so  common  where  hills  of  erosion  have  a  hard  covering  rock  on  top  of 
a  larger  mass  of  soft  material. 

The  sand  is  composed  of  sand  grains  ranging  in  size  from  the  ordinary 
coarse  sand  which  grades  into  gravel  down  to  the  finest  of  sand.  The 
grains  are  principally  of  ordinary  quartz,  but  are  usually  intimately 
associated  with  feldspar  particles,  confirming  the  teachings  of  the 
gravel  regarding  their  origin.  The  sand  is  about  as  well  stratified  as 
the  gravels  already  mentioned.  In  places  beds  of  sand  are  found 
well  stratified,  while  elsewhere  it  is  so  intimately  mixed  with  clay  or 
gravel  that  the  formation  can  hardly  be  called  sand  beds. 

Almost  everywhere  in  the  Tertiary  are  found  small  accumulations 
of  black  sand,  which  have  been  slightly  segregated  by  rain  water  carry- 
ing away  the  finer  materials  and  leaving  these  little  grains  behind. 
Originally  they  are  intimately  mixed  with  the  clay  and  finer  quartz 
sand.     The  little  rivulets  of  water  on  the  hillside  c^rry  away  the     I 
lighter  particles  of  clay  and  silt  and  let  the  black  sand  grains  accu- 
mulate along  the  wagon  tracks  of  the  country  roads  and  the  eddies 
of  the  small  ravines.     These  black  grains  are  found  to  be  composed 
entirely  of  black  oxide  of  iron,  principally  magnetite,  but  partially 
dark  hematite.      Doubtless  they  were  original  constituents  of  the 
crystalline  rocks  of  the  mountains  to  the  west.      When   the  rocks 
were  disintegrated  by  weathering  and  the  debris  was  transported 
eastward  by  water,  the  iron  oxide  grains  were  carried  along  with  the 
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p  material  and  lodged  here  and  there  wlierever  the  current  veloc- 
permitted. 

le  clays  and  silts  vary  in  character  from  place  to  place  and  at 
rent  depths.  Occasionally  almost  pure  masses  of  clay  are  found, 
I  almost  entirely  free  from  admixtures  of  sand,  clay  with  a  high 
ee  of  plasticity  and  in  every  respect  resembling  the  purest  known, 
pt  that  it  contains  sufficient  impurities  to  modify  its  color.  Fre- 
itly  such  masses  of  clay  seem  to  be  colored  with  decaying  organic 
er,  as  though  during  its  accumulation  such  matter  in  one  form 
lother  was  present,  at  least  in  limited  quantities.  Elsewhere  the 
•  of  the  clay  seems  to  indicate  the  absence  of  organic  matter  of 
kind. 

le  stratigraphic  property  of  the  clay  is  interesting.  In  places  it 
:s  in  broad  layers,  apparently  extending  for  miles  in  unbroken 
.  Elsewhere  it  forms  lenticular  masses,  oblong  in  horizontal 
jnsions  and  irregular  in  peripheral  outlines.  Sometimes  it  is 
rbedded  with  the  heavy  gravel  and  sand  beds,  and  elsewhere 
18  to  be  relatively  distinct  from  them. 

long  the  Arkansas  River  Valley,  near  the  bluffs  north  of  Garden 
,  a  heav\'  bed  of  clay  nearly  100  feet  thick  extends  up  and  down 
v^alley  for  4  or  5  miles.  Its  north-south  diameter  is  usually  about 
a  mile.  South  of  the  river  12  or  15  miles  from  Garden  City  is 
her  locality  in  which  occur  irregularly  shaped  clay  beds  or  clay 
Iders,  as  they  are  locally  called.  During  August,  189G,  a  well  was 
ed  about  three-fourths  of  a  mile  south  of  Atwater,  in  Meade 
ity.  It  went  to  the  surprising  depth  of  288  feet,  passing  through 
ing  but  a  light-blue  plastic  clay  almost  the  entire  depth.  Other 
J  on  eveiy  side  of  this  one,  from  1  to  2  miles  away,  found  the 
1  amount  of  water-bearing  sand  at  from  20  to  40  feet.  Such  illus- 
ons  could  be  multiplied  until  the  whole  of  the  Tertiary  of  Kansas 
covered.  Everywhere  such  irregularities  exist.  Few  wells  have 
made  which  did  not  pass  through  both  sand  and  clay.  Even  in 
land  hills  south  of  the  Arkansas  River  the  few  wells  dug  or  bored 
riably  found  clay.  The  State  well  in  the  sand  hills  just  south  of 
irron  may  be  taken  as  an  example.  At  a  depth  of  23^  feet  a  bed 
emarkably  compact  plastic  clay  was  reached,  about  «5  feet  in 
cness. 

many  places  in  western  Kansas  and  elsewhere  on  the  plains  a 
1  amount  of  a  fine-grained  matter  is  found,  which  is  generally 
d  volcanic  ash.  •  A  few  deposits  of  the  same  material  have  been 
d  in  this  territoiy.  The  best  exposure  known  is  along  a  tribu- 
te Crooked  Creek,  about  three-fourths  of  a  mile  west  ot  Meade 
ber,  although  other  lesser  deposits  are  known  in  Meade  County 
elsewhere. 

ver  a  large  i)ortion  of  the  whole  Tertiary  area  of  the  plains  the  sur- 
is  covered  with  a  fine-grained  soil  which  has  so  high  a  percentage 
IBi^6 3 
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of  clay  within  it  that  it  has  a  relative  high  plasticity  and  other  prop- 
erties that  have  given  it  the  name  "Plains  marl."    It  covers  more 
than  half  of  the  surface,  but  by  no  means  all  of  it.     Neither  is  it  con- 
fined to  the  surface,  for  often  the  same  kind  of  material  is  found  inter- 
bedded  between  layers  of  other  materials.     It  is  probably  composed 
of  the  finest  silt  and  clay  particles  which  migrated  eastward  during 
Tertiary  time  and  were  lodged  here  and  there  wherever  the  conditions 
of  water  velocity  dictated.      In  recent  times,  also,  the   winds  have 
exerted  a  sorting  action  on  the  surface  materials,  which  has  helped  to 
make  the  Plains  marl  more  characteristic.    The  strong  winds  pick  up 
the  finest  dust  and  carry  it  for  miles  and  deposit  it  wherever  a  suitable 
lodging  can  be  secured.     This  not  only  concentrates  the  finest  mate- 
rials together  by  movement,  but  also  leaves  the  coarser  soils  and  sands 
behind,  so  that  the  same  process  produces  sand  dunes  and  sandy  soils 
which  are  often  mere  residual  products  after  the  finer  silt  has  been. 
blown  away. 

The  structural  relations  of  the  different  Tertiary  materials  are  far 
from  regular.     It  is  doubtful  if  there  can  be  any  definite  stratigraphie 
relations  established  covering  a  considerable  scope  of  country.    The- 
gravel  and  sand  are  frequently  cemented  into  a  moderately  firm  rock: 
by  the  presence  of  a  variable  amount  of  a  calcium  carbonate  cement - 
This  cement  is  sometimes  found  in  the  clay  as  well,  but  it  is  most:- 
abundant  in  the  sand  and  gravel,  producing  a  sort  of  sandstone  ot 
conglomerate  to  which  the  name  ''  mortar  beds  "  or  '*  grit"  is  generally 
applied.     Some  of  the  varieties  of  this  are  the  so-called  "natural 
mortar,"  which  is  extensively  used  throughout  the  West  for  making 
a  mortar  to  plaster  with  and  to  roof  houses.     These  mortar-bed  hori- 
zons are  prominent  features  in  many  places  and  constitute  the  only 
hard  and  resisting  strata  in  the  Tertiary.     The  idea  so  frequently 
expressed,  that  they  are  located  near  the  base  of  the  Tertiary,  is  coi — 
rect  for  some  localities,  but  incorrect  for  others. 

Along  the  Buckner,  in  the  southwestern  part  of  Hodgeman  County' ^ 
the  sand  and  gravel  are  as  firmly  cemented  as  at  any  place  kno^^^»^ 
to  the  writer.  Here  they  form  a  tolerably  solid  rock  which  lies  at  tb^^ 
top  of  the  ])luffs  on  the  south  side  of  the  Buckner.  They  are  in  beJ^^ 
from  10  to  20  feet  thick,  varying  much  more  than  ordinary  sandston^ 
beds  do.  Below  them  in  this  locality  the  bluffs  are  composed  of 
looser  and  finer  material.  At  other  places  along  the  Sawlog,  ne»- 
by,  the  mortar  beds  are  found  near  the  bottom  of  the  Tertiary,  an 
not  infrequently  resting  immediately  upon  the  Benton  limestone. 

The  north  bluff  line  of  the  Arkansas  River  from  some  distance 
below  Dodge  westward  almost  to  Garden  is  protected  by  a  well-deveB^  " 
oped  mass  of  mortar  beds.  Throughout  tlie  most  of  this  distano^ 
three  distinct  layers  of  mortar  beds  can  be  traced,  while  in  other 
l)laces  four  or  more  may  be  found.  They  are  composed  of  cement 
sand  and  coarse  gravel,  and  are  separated  from  each  other  by  bed  ^ 
of  clay  and  fine  sand.     The  weathering  processes  wear  away  the  sof  ^ 
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clay  beds  more  rapidly  than  the  mortar  l)eds,  prddiieinjj;  a  series  of 
narrow  terraces  along  the  bluffs  similar  to  those  generally  observed 
in  places  where  the  limestones  and  shales  alternate  with  each  other, 
as  80  frequently  occurs  in  the  eastern  part  of  the  State. 

South  of  the  Arkansas  River  but  little  of  the  mortar-bed  material 
is  to  be  seen  until  the  vicinity  of  Crooked  Creek  and  the  Cimarron  is 
reached.     Here  we  have  the  same  lack  of  regularity  so  noticeable 
elsewhere.     The  most  pronounced  form  of  the  mortar  beds  is  often 
found  at  the  very  summit  of  the  bluffs,  but  by  no  means  always  so. 
In  other  places  they  occur  midway  up  the  bluff,  and  not  infrequently 
near  the  base.     The  bluffs  of  Cr<x)ked  Creek  below  Meade  are  good 
examples  of  this.     On  the  eastern  side  of  the  creek  they  are  very 
J*ugged,  with  frequent  instances  of  mortar  beds  being  well  developed, 
l>ut  by  no  means  do  they  form  a  constant  stratum  continuously  along 
the  bluff.     On  the  western  side  the  bluff  line  is  not  so  abrupt,  and 
consequently  there  is  not  so  good  an  opportunity  for  observing  the 
mortar-bed  masses.     To  the  southwest  of  Meade,  along  the  upper 
portion  of  Spring  Creek,  however,  some  of  the  hilltops  are  very  dis- 
tinct, and  the  erosive  forms  are  significant  of  hills  with  a  protecting 
cap    of  hard  material  covering  softer  materials.     These  can  well  be 
studied  from  the  Meade  topographic  sheet.     A  few  of  these  hills  are 
particularly  noteworthy.     On  the  north  bluff  of  Spring  Creek,  about 
4  miles  above  Crooked  Creek  Valley,  the  mortar  beds  are  found  lying 
at  tlie  summit  of  the  hill.     The  sandy  clay  underneath  is  worn  away, 
80  tliat  quite  frequently  the  mortar-bed  rock  projects  several  feet, 
forming  an  overhanging  cliff.     South  of  Spring  Creek  a  similar  con- 
dition obtains.     Hill  point  after  hill  point  stands  out  in  the  landscape 
as  «.  prominent  feature,  on  the  top  of  which  a  horizontal  mass  of 
nioi*tar-bed  rock  serves  as  a  protection  to  the  soft  and  easily  eroded 
san^y  clays  beneath. 

Along  the  Cimarron  River  from  some  distance  above  Arkalon  to 
where  the  river  encounters  the  Red  Beds  near  Englewood  its  valley 

• 

18  eut  downward  into  the  broad  plain  to  a  depth  of  nearly  200  feet. 

As  one  stands  on  a  prominent  point  on  either  side  of  the  valley  and 

looks  up  and  down  the  stream,  it  is  easy  to  see  the  line  of  light-colored 

^^I'tar  beds  lying  almost  at  the  summit  of  the  bluffs,  with  the  darker 

colored  shales  and   sands  beneath.      A   more   careful  examination 

show^  that    for  many  miles    along  the  stream  relatively  firm  rock 

covex^  the  topmost  part  of  the  bluffs,  and  it  is  largely  to  this  that 

Pi'ecipitous  character  so  pronounced  on  either  side  of  the  river 

aroxij^  J  Arkalon  is  due.     Beneath  the  mortar  beds  are  found  masses  of 

saii^y  clay,  which  constitutes  the  main  mass  of  the  bluffs.     At  other 

P  ^^^8,  particularly  along  some  of  the  tributaries  of  Spring  Creek  near 

^^<ie  Center,  the  mortar  beds  in  a  well-developed  form  are  found 

^^^  low  ground  more  than  100  feet  below  those  capping  the  hills  a 

^l^  or  so  away,  with  no  connection  between  them. 

*^Uring  the  last  two  years  the  Kansas  Sta,te  Boa^rd  of  Irrigation  has 
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sunk  twenty  wells  in  western  Kansas,  the  greater  portion  of  whicli 
are  confined  to  the  Tertiary.     One  of  the  provisions  in  the  contract  for 
the  drilling  of  each  well  was  that  a  carefully  selected  and  accurately 
labeled  suite  of  samples  should  be  preserved  and  delivered  to  the 
board,  such  samples  to  be  taken  with  sufficient  frequency  to  accu- 
rately represent  the  character  of  the  material  passed  through.    These 
samples  from  the  different  wells  were  turned  over  to  the  writer  by 
the  Board  of  Irrigation  and  have  been  carefully  examined.     This  is 
the  first  time  it  has  been  possible  to  examine  the  Tertiary  materials  at 
any  considerable  depth  below  the  surface,  except  where  they  are  found 
along  the  bluff  lines  of  the  various  drainage  streams.     They  are  there- 
fore of  more  than  ordinary  importance,  and  are  worthy  of  notice  in 
this  connection. 

It  WHS  found  that  little  relation  existed  between  the  distance  from 
the  surface  and  the  size  of  the  gravel.  Gravel  beds  of  a  considerable 
degree  of  coarseness  were  frequently  found  near  the  surface,  and  the 
finest  sand  and  clay  and  silt  were  not  infrequently  found  near  the 
base  of  the  Tertiary.  There  was  such  an  irregularity  of  position  showa 
with  reference  to  any  one  material,  and  such  a  lack  of  definite  relatioa 
between  the  different  kinds  of  material,  that  it  seemed  as  though  but> 
little  if  any  dependence  could  be  placed  in  any  older  classification. 

In  studying  the  physical  properties  of  the  Tertiary  it  is  necessary 
to  emphasize  the  statement  that  the  so-called  mortar  beds  are  simply 
the  sand  and  gravel  and  clay  materials  cemented  usually  with  calct^— 
reous  cement.     The  real  stratigraphic  conditions  probably  do  no* 
depend  upon  the  presence  or  absence  of  cementing  material,  bu**: 
rather  upon  the  continuity  of  beds  of  like  material.     A  stratum  o^ 
gravel  which  is  not  cemented  should  be  considered  as  important 
though  it  had  chanced  to  have  its  individual    constituents  hel 
together  by  a  cementing  material  of  some  kind.     Yet  in  our  study  o 
the  subject  we  are  usually  inclined  to  erroneously  regard  the  bed^ 
which  are  cemented  into  a  firm  rock  as  more  important  than  soft^^ 
materials.     It  has  been  suggested  by  the  writer  that  the  formation  (^^ 
the  cementing  material  has  occurred  since  the  deposition  of  the  bed^- 
and  that  it  represents  a  process  of  weathering  and  desiccation  still  i 
progress.    The  ordinary  weathering  agents  produce  calcium  carbonat>^ 
near  the  surface,  which  is  changed  to  the  acid  carbonate  by  tmsmx 
water  containing  carbon  dioxide  washed  from  the  atmosphere.    It  is 
then  dissolved  and  carried  downward  until  the  dryness  of  the  ground 
absorbs  the  moisture,  precipitating  thereby  the  neutral  carbonate  in 
whatever  position  it  chances  to  be.     As  the  beds  of  gravel  and  coarse 
sand  more  freely  permit  the  passage  of  water  through  them  than  do 
other  materials,  naturally  there  would  be  a  greater  deposition  of 
calcium  carbonate  in  such  beds. 

It  is  doubtful  if  there  can  be  any  regularity  discovered  between  the 
beds  of  the  different  kinds  of  Tertiary  material  in  western  Kansas. 
The  mortar  beds  occur  at  all  positions  from  the  base  to  the  summit, 
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do  also  the  sands  and  the  clays.  It  has  been  found  impossible 
trace  a  bed  of  any  one  material  very  far  in  any  direction.  The 
3onls  of  the  State  wells  add  to  this  diflficulty  rather  than  lessen  it. 
Mther  does  the  assistance  of  paleontology  lessen  the  difficulty,  but 
ther  increases  it.  In  Phillips  County  the  mortar  beds  contain 
eletons  of  the  rhinoceros  and  other  animals,  indicating  that  they 
lould  be  correlated  with  the  Loup  Fork  beds  of  Nebraska,  and  that 
ley  are  about  the  oldest  Tertiary  beds  in  Kansas.  To  the  southwest, 
Meade  County,  a  mass  of  conglomerate,  which  is  as  typical  a  mortar 
>d  as  can  be  found,  is  rich  in  fossil  horses,  llamas,  elephants,  etc., 
lich  paleontologists  class  as  Pleistocene  fossils.  We  therefore  have 
9  mortar  beds  with  Loup  Fork  fossils  at  one  place  and  with  Pleis- 
ene  fossils  in  another,  not  only  showing  a  lack  of  stratigraphic 
itinuity,  but  showing  that,  after  all,  the  so-called  Tertiary  of  the 
te  may  be  part  Tertiary  and  part  Pleistocene. 

WATER  SUPPIiY  OF  THE  AREA. 

i  the  discussion  of  waters  on  the  Great  Plains  it  is  well  to  bear  in 
Lc3  the  different  conditions  under  which  water  exists  and  the  differ- 

classes  into  which  the  ground  waters  may  be  divided  with  refer- 
»  to  the  geologic  character  of  the  materials  in  which  they  are 
nd.  Greologically  we  have  two  great  classes  of  ground  waters. 
3  exists  in  the  Dakota  sandstones.  It  pi'obably  has  a  slow  move- 
rxt  eastward,  has  principally  been  gathered  from  the  rains  falling 
tlie  eastern  part  of  Colorado  and  farther  to  the  north  over  areas 
ere  the  sandstone  is  exposed  at  the  surface,  and  in  its  eastward 
vement  passes  underneath  the  Benton,  Niobrara,  and  other  supe- 
^  Cretaceous  formations,  so  that  in  most  places  it  exists  under  a 
'Ssure  sufficient  to  cause  it  to  rise  an  appreciable  distance  above 

level  at  which  it  is  found  by  the  drill,  giving  artesian  wells,  or 
'^Is  decidedly  artesian  in  character. 

he  other  water  is  that  which  is  commonly  known  as  ground  water, 
^t  water,  or  underflow,  as  these  expressions  are  understood  by  the 
^Ple  of  western  Kansas.  It  is  confined  to  the  Tertiary  sands  and 
Vels.  It  lies  immediately  above  the  impervious  Cretaceous  or  Red 
i  floor,  and  is  sufficient  in  quantity  to  more  than  saturate  the  mate- 
^  in  which  it  exists  for  a  distance  above  the  floor  varying  from  5 
xiaore  than  100  feet.  Throughout  the  greater  part  of  the  plains 
-a,  therefore,  these  two  classes  of  water  are  separated  from  each 
tier  by  all  of  the  Benton  and  higher  Cretaceous  deposits.  In  rare 
868,  however,  the  Tertiary  rests  immediately  on  the  Dakota  sands, 
rmitting  the  Tertiary  water  and  the  Dakota  water  to  commingle, 
mid  we  exhaust  the  supply  of  either  one  to  an  appreciable  degree, 
B  other  would  doubtless  be  drawn  upon  and  a  movement  would  be 
;  up  from  one  into  the  other.  Still,  for  convenience  of  discussion 
d  clear  presentation  of  the  water  conditions,  it  is  desirable  that  the 
[>  classes  should  be  discussed  separately. 
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DAKOTA  SANDSTONE  WATER. 

The  Dakota  formation  consists  largely  of  beds  of  sandstone  the 
grains  of  which  are  generally  but  poorly  cemented  together,  leaving 
spaces  between  them  which  may  well  serve  as  receptacles  for  water. 
This  sandstone,  as  before  stated,  underlies  the  greater  part  of  the 
plains  area  from  the  British  possessions  on  the  north  to  Texas  on 
the  south.     Throughout  this  entire  distance  it  extends  westward  to 
the  mountainous  area,  lapping  upon  the  foothills  along  the  eastern 
slope  of  the  Rocky  Mountains  or  capping  the  ridge  generally  known 
as  the  "Hogback,"  lying  just  east  of  the  mountains  in  Colorado,  as 
has  been  so  well  shown  by  Gilbert  in  his  recent  article  on  water  con- 
ditions in  eastern  Colorado.*    In  this  vast  area  are  many  localities 
where  the  Dakota  is  exposed  to  the  surface,  so  that  it  can  gather 
water  from  the  rains  and  melting  snows  and  occasionally  from  rivers 
which  pass  over  it.     The  water  which  is  absorbed  passes  eastward  or 
southeastward  or  northeastward,  the  direction  depending  upon  the 
inclination  of  its  strata  in  different  localities. 

This  great  geologic  formation  is  a  continuous  underground  sheet 
for  thousands  of  miles  in  extent,  and  has  been  imbibing  water  from 
the  rains  and  snows  perhaps  for  thousands  of  centuries.     It  has  thus 
become  a  great  reservoir  filled  with  water,  the  leaks  from  which  are 
known  in  the  form  of  springs  and  seeps  along  its  eastern  borders  iix 
many  places  where  it  is  brought  to  the  surface,  and  also  along  the 
banks  of  streams  which  have  cut  their  channels  downward  until  th& 
Dakota  has  been  reached. 

In  a  general  way  it  may  safely  be  said  that  all  that  is  necessary  to 
obtain  water  on  the  Great  Plains  is  to  penetrate  to  the  Dakota  sand-^ 
stone.     This  proposition,  although  true  in  a  general  way,  may  not  b^ 
verified  in  every  instance.     It  is  reasonable  to  suppose  that  a  roclc:^ 
mass  covering  so  wide  an  area  is  not  perfectly  uniform  throughout^ 
Here  and  there  may  be  areas  where  the  cementing  material  is  more^ 
abundant  than  ordinary,  or  where  the  grains  of  sand  are  finer,  or^ 
where  the  sand  beds  in  their  original  form  had  silt  and  clay  inter- 
mingled to  a  sufficient  extent  to  produce  a  relatively  impervious  mass. 
We  know,  in  part,  that  such  conditions  obtain  at  irregular  intervals, 
and  that  consequently  a  drill  hole  made  in  such  a  place  will  yield  but 
little  if  any  water;  not  because  the  great  Dakota  beds  were  not 
reached,  but  because  they  were  reached  at  a  place  where  the  open 
spaces  between  the  sand  grains  had  been  filled  with  clay  or  mud  or 
cementing  material  so  that  water  could  scarcely  flow  through. 

Experience  in  drilling  for  water  in  the  Dakotas,  in  Nebraska,  in 
Colorado,  and  in  Kansas  abundantly  verifies  the  statement  just  made, 
that  in  a  general  way  one  may  confidently  expect  to  obtain  water  in 
large  supplies  wherever  the  drill  penetrates  the  Dakota  sandstone. 

» The  nndergroand  water  of  the  Arkansas  VaUey  in  eastern  Colorado,  by  Grove  Karl  Qilhert: 
Seventeenth  Ann.  Kept.  U.  S.  GeoL  Survey,  Part  II,  18W,  p.  682. 
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CHARACTER  AND   OCCURRENCE   OF  DAKOTA  WATER. 

The  character  of  the  water  obtained  from  the  Dakota  sandstone  is 
variable.     Underground  water  is  pure  or  is  mineralized,  according  to 
its  opportunities  for  dissolving  soluble  mineral  salts.     Could  water  be 
confined  continuously  in  a  perfectly  pure  mass  of  sand  or  sandstone 
which  had  no  soluble  materials  within  it,  and  into  which  no  soluble 
salts  could  be  taken  by  infiltrating  waters,  its  character  would  always 
remain  pure.     But  nature  rarely  accumulates  a  mass  of  sand  without 
having  at  least  traces  of  soluble  materials  along  with  it.     Few  terranes 
are  known  anywhere  in  the  world  which  can  permit  waters  to  perco- 
late through  them  for  hundreds  of  miles  without  giving  up  mineral 
matter  to  the  water  somewhere  throughout  the  course.     It  is  so  with 
the  Dakota  sandstone,  yet  not  universally  so.     For  some  reason  whic4i 
has  not  been  determined,  water  which  is  lifted  from  the  Dakota  at  one 
place  may  have  a  greater  or  less  amount  of  dissolved  mineral  salts 
than  water  obtained  from  the  same  sandstone  50  or  100  miles  away. 

The  natural  processes  by  which  the  impurities  are  gathered  from 
the  rocks  by  the  water  are  such  that  it  is  exceedingly  diflScult  for  one 
^  give  an  approximate  statement  regarding  the  character  of  the  water 
that  may  be  found  at  any  locality,  unless  one  can  be  guided  by  the 
water  which  has  already  been  found  near  by.     This,  likewise,  is  sub- 
stantiated b}"  our  limited  experience  in  drawing  water  from  the  Dakota 
^ndstone.     The  wells  at  Rocky  Ford,  La  Junta,  and  other  places  in 
Colorado  are  all  mineralized  to  a  similar  extent.     The  springs  which 
"Urst  forth  from  the  banks  of  the  creeks  and  rivers  near  by  are  like- 
^^se  mineralized. 

^^    Kansas  the  few  wells  which  have  been  drilled  in  the  Dakota 

^^d^tone  have  produced  different  degrees  of  mineralized  water,  dif- 

^^irijr  materially  in  composition  from  one  another  and  from  many  of 

^^  Wells  of  Colorado  and  Dakota.     The  artesian  water  at  Coolidge, 

^^oli  is  a  Dakota  sandstone  water,  is  relatively  fresh,  carrying  little 

Oi*^  than  24  grains  of  solution  to  the  gallon.     It  has  but  little  odor 

^      t^^drogen  sulphide,  and  is  in  every  way  a  desirable  water  for  all 

^^^stic  purposes.     Farther  north,  in  the  vicinity  of  Oakley,  a  well 

^'^hed  the  same  horizon  and  likewise  obtained  water,  but  this  was 

..      *>^«avily  charge<l  with  common  salt  and  other  soluble  minerals  that 

^       "Was  practically  worthless.     An  artesian  well  east  of  Oakley,  in 

j^^ine  County,  drawing  large  quantities  of  water  from   the   same 

^^^ota  sandstone,  produces  a  water  which  is  somewhat  different  from 

-^  ^^er  of  those,  but  which  is  so  salty  that  it  is  of  but  little  value  for 

^^estic  purposes  or  for  irrigation. 

In  the  vicinity  of  Ness  City,  Larned,  and  other  points  near  the 

^^kansas  Valley,  the  few  wells  which  have  reached  the  Dakota  have 

^^iformly  obtained  water  of  a  high  degree  of  i)urity,  well  suited  for 

domestic  purposes.     These  examples  are  sufficient  to  show  the  varied 

character  of  the  water  obtained  from  the  Dakota  sandstone ;  in  some 
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places  the  water  is  of  good  character,  while  in  others  it  is  highly  miKz^ 
eralized. 

Thus  far  hut  few  wells  iu  the  special  area  discussed  in  this  repoi-j 
have  penetrated  the  Dakota  sandstone.  Not  one  is  known  t«  tlie 
writer  to  have  done  so  north  nf  the  middle  of  the  ares,  and  hut  few 
to  the  south.  In  northeastern  Meade  County  and  the  southern  part 
of  Ford  Coiinty,  four  or  five  different  wells  are  known  to  have  passed 
through  the  Benton  and  reached  the  Dakota.  In  every  instance  the 
water  obtained  seems  to  be  very  abundant,  rises  to  a  height  of  from 


60  to  150  feet  alxtve  where  it  was  first  reached,  and  is  of  so  high  « 
degree  of  puritj-  that  no  mineral  pmi>ei-ties  whatever  are  noticeable 
to  the  taste.  At-  Santa  Fe,  likewise,  the  city  well  passed  through  the 
Benton  into  the  Dakota  and  obtained  a  good  supply  of  water  of  as 
high  a  degiee  of  purity  as  anyone  conld  desire  for  domestic  purposes. 
These  Dakota  waters  have  not  been  analyzed,  largely  because  their 
purity  is  so  apparent  that  analysis  has  seemed  unnecessary. 

By  referring  to  the  accompanying  map  (PI.  I)  it  will  be  noticed  that 
the  southern  limit  of  the  Dakota  formation  passes  from  a  line  near 
Minneola,  on  the  east,  to  a  iH»int  a.  few  miles  south  of  Santa  Fe,  on  the 
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^^vest.  It  may  confidently  be  stated  that  the  Dakota  sandstone  ex- 
tends northward  from  this  boundary  under  the  whole  of  the  area, 
A.nd  that  it  is  water  bearing  throughout  its  whole  extent.  There- 
:f  ore,  a  well  put  down  to  a  depth  sufficient  to  reach  the  Dakota  sand- 
stone will  be  supplied  with  abundance  of  water. 

These  predictions  are  based  upon  the  well-known  extension  of  the 
Dakota  sandstone  and  its  property  as  a  water-bearing  formation.  The 
depth  to  which  wells  at  different  places  will  have  to  be  carried  to  reach 
the  watera  of  the  Dakota  sandstone  can  only  be  given  approximately. 
By  referring  to  the  different  geologic  sections  on  PI.  IV  it  will  be  seen 
that  the  Dakota  deposits  to  the  north  lie  at  a  similar  angle.  Our  knowl- 
edge of  this  subject  is  only  fragmentary.  A  deep  well  at  Garden  is 
reported  to  have  reached  the  Dakota  at  a  depth  of  461  feet.  This 
information  is  all  that  was  available  from  that  part  of  the  area,  and 
section  3  was  based  upon  it. 

North  of  Dodge  the  Benton  is  exposed  on  the  surface.  Its  thickness 
at  this  place  is  not  known,  but  different  wells  have  passed  into  it  from 
100  to  200  feet.  Farther  south,  in  southwestern  Ford  County,  the 
Benton  is  known  to  be  at  least  150  feet  thick,  while  farther  to  the 
northeast,  where  it  is  exposed  at  the  surface,  it  is  estimated  to  have  a 
thickness  of  about  400  feet.  From  these  data  it  was  estimated  that 
its  thickness  at  the  northeast  corner  of  the  Dodge  quadrangle  is  about 
400  feet,  and  section  1  was  drawn  accordingly. 

The  areas  lying  between  sections  1  and  2  and  2  and  3  will  have  the 
Dakota  at  about  the  same  distance  from  the  surface.  If,  therefore, 
anyone  should  desire  to  estimate  the  depth  he  would  have  to  go  at 
any  particular  place  to  reach  the  Dakota  sandstone,  he  could  obtain 
an  approximate  idea  by  referring  to  these  sections. 

The  representations  here  made  should  be  regarded  as  only  approxi- 
mations, but  the  best  that  can  be  made  with  our  present  knowledge. 
Should  a  few  wells  be  drilled  north  of  the  Arkansas  deep  enough  to 
reach  the  Dakota  sandstone,  corrections  could  then  be  made  which 
would  make  it  possible  to  estimate  the  distance  below  the  surface  at 
which  the  Dakota  would  be  reached  over  the  whole  area. 

ARTESIAN  PROPERTIES  OP  THE  DAKOTA  WATER. 

The  Dakota  water  in  all  places  has  artesian  properties  to  a  greater 
or  less  degree;  that  is,  the  water  rises  through  a  varying  number  of 
feet  from  the  level  at  which  it  is  found.  At  Coolidge  different  wells, 
when  properly  cased,  gave  a  constant  flow  of  from  40  to  50  gallons  per 
minute  from  a  3-inch  well.  Farther  east,  at  Syracuse,  like  wells  have 
reached  the  Dakota  and  have  produced  water,  but  not  one  has  yet 
been  properly  cased  to  determine  whether  or  not  the  water  would  rise 
to  the  surface. 

Northward,  in  the  vicinity  of  Ness,  where  the  surface  elevation  is 
slightly  less  than  the  uplands  in  the  viciixity  of  Dodge,  the  waters 
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from  the  Dakota  sandstone  rise  to  within  from  35  to  75  feet  of  the 
surface.  It  is  probable  that  wells  of  this  character  could  be  sunk  in 
the  area  under  discussion  in  which  the  water  would  rise  nearly  to  the 
surface,  and  possibly  in  some  instances  an  artesian  flow  might  be 
obtained.  Yet  one  should  not  depend  loo  much  upon  obtaining  an 
actual  flow,  for  it  is  doubtful  if  such  would  be  obtained  anywhere 
except  in  the  lowest  ground.  There  can  be  no  good  reason,  however, 
for  doubting  that  the  water  would  rise  to  a  point  rarely  more  than  100 
feet  below  the  surface,  and  in  many  instances  much  higher  than  this. 
Tlie  constant  drainage  along  the  eastern  borders  of  the  Dakota 
decreases  the  water  pressure  to  so  great  an  extent  that  the  height  to 
which  it  will  rise  is  materially  reduced  in  the  Dakotas  *  and  Minnesota. 
The  decrease  in  pressure  is  frequently  as  great  as  4  feet  to  the  mile 
near  the  eastern  border  of  Dakota,  a  decrease  w^hich  is  attributed 
largely  to  leakage.  No  observation  has  been  made  in  Kansas  to  deter- 
mine the  rate  of  decrease  in  pressure.  Such,  in  fact,  could  not  be 
done  to  any  satisfactory  degree  without  a  larger  number  of  wells  upon 
which  observations  could  be  made. 

HOW  TO   FIND   THE   DAKOTA  SANDSTONE. 

Many  inquiries  have  been  made  by  citizens  in  various  parts  of 
Kansas  regarding  the  means  by  which  they  could  determine  how  to 
find  the  Dakota  by  boring.  As  already  stated,  the  whole  of  the  area 
covered  by  this  report  north  of  the  south  limit  of  the  Dakota  is  under- 
lain by  tlie  Dakota  sandstone.  When  one  drills  a  well  expecting  to 
reach  this  formation,  the  Tertiary  sands,  gravels,  and  clays  will  prob- 
ably first  be  passed  through,  and  whether  or  not  the  Tertiary  water  is 
found  will  depend  upon  a  number  of  conditions  which  obtain  in  the 
vicinity  of  the  well.  Below  the  Tertiary,  limestone  and  black  or 
dark  shale  alternating  will  probably  be  found.  The  shale  is  the 
material  commonly  called  "  soapstone  "  by  the  most  of  the  well  drillers. 
In  all  such  eases,  as  long  as  the  drill  is  in  the  shale  or  limestone  the 
driller  should  keep  on  going  deeper.  Finally  the  drill  \vill  pass 
through  the  Benton  shales  and  limestones  and  enter  the  Dakota 
sandstones  and  clays. 

If  for  any  cause  or  combination  of  circumstances  the  desired  supply 
of  water  is  not  obtained,  he  should  go  deeper,  for  the  Dakota  sand- 
stone exists  in  two  or  more  different  layers,  separated  from  each  other 
by  clay  or  shale  of  varied  characters.  The  only  condition  which  should 
cause  him  to  stop  drilling  before  the  desired  amount  of  water  is 
obtained  is  that  the  drill  has  reached  the  Red  Beds  exposed  on  the  sur- 
face in  the  southeast  part  of  Meade  County.  We  do  not  know  how 
far  north  these  Red  Beds  extend,  but  probably  they  reach  far  beyond 

the  limits  of  the  territory  to  which  this  report  pertains.     They  can  be 
'        ~~ ■ 1 • 

*  Preliminary  report  on  artesian  waters  of  a  portion  of  the  Dakotas,  by  N.  H.  Darton:  Seven- 
teenth Ann.  Rept.  U.  S.  Geol.  Survey,  Part  II,  1800,  p.  CCO. 
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■ec<^*tiized  wnen  reached  by  the  drill  in  a  number  of  ways.  They  are 
renerally  free  from  aand,  but  not  always;-  they  are  usually  slightly 
alty  or  in  some  other  way  mineralized,  so  tliat  they  may  be  recognized 
y  the  taste;  and  they  have  mixed  through  them  small  masses  of 
^PBum,  a  property  rarely  observed  in  the  Dakota  clays  or  shales 
iiig  between  the  Dakota  sandstones.  As  aoon  as  the  driller  becomes 
■tisfied  that  his  drill  has  entered  the  Red  Beds,  operations  should  be 
opped  immediately.  There  is  no  evidence  favoring  a  l»oi)e  that  the 
ed.  Beds  will  produce  water  in  large  quantities,  while  there  are  many 
A80DB  for  believing  that  the  small  amount  which  maybe  obtained 
t>m  them  will  be  so  highly  mineralized  as  to  be  entirely  unfit  for  use 
any  kind. 

TERTIARY  GROUND  WATER. 

Under  this  heading  are  placed  the  waters  drawn  from  the  Tertiary 
"Illations.  They  include  all  water  that  may  be  found  in  Tertiary 
n.ds,  gravels,  and  clays;  that  is,  all  available  water  Ijing  above  the 
>IJenno8t  Cretaceous  formation.  It  is  the  water  which  is  generally 
lowninthe  Westby  the  terms  "underflow"  or  "sheet  water," names 
tiich  reflect  the  popular  idea  regarding  the  extent  and  character  of 
«  ground  water  of  the  plains.  The  water  is  found  in  greatest 
•vmdance  just  above  the  Red  Beds  or  the  Cretaceous  floor.  The 
^ver  portion  of  the  Tertiary  sand  and  gravel  is  more  than  saturated, 
*<3  available  water  results.     The  thickness  of  the  water-tiearing  beds 

Xariable,  sometimes  being  more  than  KXJ  feet,  and  elsewhere  being 
^  than  5,  but  always  tlie  water-bearing  horizon  rests  on  the  impervi- 
tts  Cretaceous  or  Red  Bed  floor,  or  on  a  like  impervious  floor  of  elay. 

Almost  all  the  area  comprised  in  this  repoi't  is  underlain  by  large 
Uantities  of  water.  In  the  Arkansas  Valley  and  the  low  grounds 
long  other  streams  the  water  is  usuiflly  found  at  depths  varying  from 

to  12  feet.  On  the  higher  uplands  its  distance  below  the  surface  is 
reater,  in  some  places  even  reaching  200  feet,  and  possibly  more, 
'he  water  is  everywhere  present  except  in  a  few  small  areas,  such  as 
16  area  in  the  northeast  corner  of  the  Dodge  quadrangle,  where  the 
>enton  limestone  is  exposed  at  the  surface,  and  similar  areas  in  the 
jutheast  part  of  the  Meade  quadrangle,  where  the  Red  Beds  come 
lose  to  the  surface.  Elsewhere,  speaking  in  a  general  way,  a  well 
ut  down  at  random  on  any  quarter  section  will  produce  water  if  ear- 
led  to  a  sufficient  depth, 

DEPTH  OP  TERTIARY  GROUND   WATER, 

An  [attempt  has  been  made  to  represent  graphically  the  distance 
elow  the  surface  at  which  water  may  be  found  for  the  whole  area. 
Ixtensive  examinations  were  made  during  the  past  summer,  which 
icluded  an  investigation  of  almost  every  well  outside  the  Arkansas 
■"alley.  Mapping  the  location  of  the  wells  and  noting  tlie  depth  from 
rhich  wat«r  had  to  be  pumped,  it  was  i>ossible  to  draw  a  series  of 
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lines  on  the  surface  of  the  map  which  may  be  called  the  water  con- 
tours. These  lines  divide  the  area  into  a  number  of  little  groups, 
so  that  those  similarly  marked  have  water  at  about  the  same  depth, 
somewhat  as  the  contour  lines  on  an  ordinary  topographic  map  repre- 
sent areas  of  equal  altitude.  The  results  obtained  by  this  method  of 
representation  are  shown  on  the  accompanying  map  (PL  V),  on  which 
the  different  areas  represented  by  the  same  patt^ern  have  the  water 
lying  at  about  the  same  depth  from  the  surface.  It  may  be  said  that 
too  much  confidence  should  not  be  placed  in  this  map.  When  the 
long  distances  between  wells  on  the  uplands  are  considered,  and  the 
relatively  large  proportion  of  the  uplands  over  which  wells  have  not 
been  drilled,  it  will  be  seen  that  it  is  necessarily  impossible  to  construct 
a  map  of  this  kind  which  will  be  entirely  accurate.  Yet  it  is  believed 
that  the  one  here  presented  has  a  fair  degree  of  accuracy,  and  that 
confidence  may  be  placed  in  it  to  a  moderate  extent. 

By  an  examination  of  the  map  it  will  be  seen  that  along  the  prin- 
cipal river  valleys  the  water  may  be  found  at  a  depth  of  50  feet  or 
less.    Over  the  whole  Arkansas  Valley,  aggregating  200  square  miles 
or  more,  the  depth  varies  from  5  to  12  feet.     Likewise  in  the  Meade 
artesian  valley,  along  Crooked  Creek,  the  surface  water  rarely  exceeds 
12  or  15  feet  in  depth.     The  valley  of  the  Cimarron  to  the  southwest 
is  another  place,  where  water  can  generally  be  obtained  at  a  depth  of 
less  than  20  feet.    An  area  to  the  north  and  northwest  of  Dodge,  along 
the  Sawlog  and  Buckner,  covering  many  square  miles,  likewise  has 
the  water  less  than  50  feet  in  depth,  while  still  another  area  in  the 
southeast  corner  of  Meade  County,  an  area  equal  to  75  square  miles 
or  more,  has  water,  when  found  at  all,  generally  at  a  depth  of  less 
than  50  feet.     This  area,  however,  is  one  of  the  most  uncertain  ones 
in  the  county.     The  Red  Beds  are  near  the  surface,  with  an  irregular 
covering  of  sand  and  gravel.     Sometimes  the  well  will  pass  into  the 
Red  Beds  without  obtaining  water  in  any  considerable  quantity,  while 
perhaps  less  than  a  mile  away  water  is  found  in  appai'ently  inexhaust^ 
ible  supplies.     This  variation  of  conditions  seems  to  be  due  to  the 
irregularity  of  the  surface  of  the  Red  Beds,  a  condition  which  can  not 
be  foretold  and  which  can  be  determined  only  by  the  extended  use  of 
spade  or  drill. 

The  areas  over  which  water  may  be  found  at  depths  varying  from 
50  to  100  feet  are  greater  in  the  aggregate  than  those  just  given. 
Nearly  the  whole  of  the  country  lying  to  the  north  of  the  Arkansas 
River  comes  under  this  division,  although  the  high  bluff  lines  along  the 
Arkansas  are  not  included.  South  of  the  river  a  strip  reaches  from 
west  of  Garden  eastwai'd  entirely  to  the  east  side  of  the  Dodge  quad- 
rangle. There  is  another  area  of  like  depth  through  the  high  divide 
between  the  Arkansas  and  Crooked  Creek,  covering  the  main  portions 
of  the  south  part  of  Ford  and  Gray  counties  and  reaching  far  into 
Meade  County  on  each  side  of  the  artesian  valley  and  along  Crooked 
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k,  with  irregular  areas  in  the  east-central  part  of  Meade  County 
lesser  outlying  areas  elsewhere. 

le  next  contour,  with  a  depth  varying  from  100  to  150  feet,  covcfrs 
e  area  and  includes  a  portion  of  the  high  divide  from  Dodge  west- 
1  almost  to  Garden,  a  portion  of  the  divide  between  the  Arkan- 
^iver  and  Crooked  Creek,  and  a  large  portion  of  the  high  uplands 
leade  County  and  a  considerable  part  of  Haskell  and  Finney 
ities.  The  area  covered  by  the  next  contour  interval,  that  of 
1 150  to  200  feet,  covers  nearly  all  the  remaining  territory.  North 
16  Arkansas  River  it  is  represented  by  a  small,  irregular  strip  near 
ge.  Southward  it  covers  the  remainder  of  the  high  divide  between 
A^rkansas  River  and  Crooked  Creek  and  a  small  portion  of  Meade 
Qty  to  the  southeast  of  Meade.  It  likewise  occupies  a  large  ter- 
y  north  of  the  Cimarron  River,  in  the  vicinity  of  West  Plains  and 
ngfield,  reaching  northward  to  beyond  Santa  Fe,  thus  occupying 
ly  all  the  broad,  apparently  level  plain  from  Santa  Fe  to  Spring- 
.  The  contour  interval  greater  than  200  feet  is  represented  in 
few  places  in  this  area  so  far  as  we  know.  A  few  miles  to  the 
h  of  West  Plains  wells  were  found  which  were  more  than  200  feet 
I,  likewise  in  the  southwestern  part  of  Seward  County  and  in  an 
northwest  of  Santa  Fe.  Could  a  larger  number  of  wells  be  drilled 
the  high  plains  of  Seward  and  Haskell  counties,  it  is  quite  possi- 
hat  this  contour  interval  would  be  extended. 

LEVEL  OF  TERTIARY   GROUND   WATER. 

le  water  contours  cross  and  recross  the  elevation  contours  in  an 
;ular  manner.  In  one  respect  they  are  independent  of  the  eleva- 
contours,  and  yet  over  small  areas  they  bear  a  close  relation  to 
i.  Thus  on  a  given  farm  a  well  in  the  valley  will  have  to  be 
:  a  much  less  depth  than  on  the  uplands  near  by,  and  the  differ- 
in  depth  can  usually  be  closely  estimated  by  obtaining  the  dif- 
ice  in  the  surface  elevation.  For  example,  water  in  the  Arkansas 
By  at  Cimarron  can  be  had  at  a  depth  of  from  6  to  12  feet,  while 
les  to  the  north,  on  the  uplands,  140  feet  higher,  a  well  would 
ably  have  to  be  sunk  150  feet  before  water  could  be  reached, 
may  cover  much  wider  areas  and  still  find  the  same  condition 
ining  in  a  general  way.  If  a  closer  scrutiny  of  the  conditions 
wide  areas  be  made,  it  is  found  that  the  upper  surface  of  the 
lable  water  is  by  no  means  on  a  level,  but  that  it  has  marked 
itions  of  elevation  which  in  a  general  way  agree  or  correspond 
the  upper  surface  of  the  Cretaceous  formations  which  lie  buried 
lath  the  Tertiary  sands. 

lese  conditions  are  well  illustrated  by  the  six  different  geologic 
ons  crossing  the  area  to  be  described.  By  reference  to  them  (PI. 
it  will  be  seen  that  the  water  level  in  the  various  wells  is  almost 
pendent  of  the  distance  below  the  surface  of  the  ground,  but  that 
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it  is  largely  dependent  upon  the  distance  above  the  impervious  floor. 
In  directions  along  which  the  floor  lies  in  a  horizontal  x>osition  the 
water  level  is  likewise  approximately  horizontal.  In  directions  along 
which  the  floor  varies  greatly  in  elevation  the  water  level  likewise 
varies.  Thus  in  section  1,  passing  north  and  south  along  the  one 
hundredth  meridian  through  Dodge,  the  same  as  in  sections  2  and 
3  having  a  north-south  direction,  the  water  level  is  approximately 
horizontal  wherever  the  Cretaceous  floor  is  horizontal.  Along  the 
southern  portion  of  section  1,  where  the  upper  surface  of  the  Red 
Beds  dips  so  rapidly  to  the  south,  the  water  level  correspondingly 
falls  at  the  same  rate. 

In  the  Cimarron  Valley,  in  the  vicinity  of  Englewood,  the  water  is 
found  at  less  than  2,000  feet  above  the  sea  level,  while  25  miles  to 
the  north  it  is  found  at  nearly  the  same  depth  below  the  surface, 
which  makes  it  fully  2,400  feet  above  sea  level,  or  400  feet  higher. 
We  therefore  have  an  average  inclination  of  the  water  level  sonth- 
ward   along  the  one  hundredth  meridian,   from   Minneola  toward 
Englewood,  of  more  than  25  feet  to  the  mile.     In  east  and  west  direc- 
tions we  likewise  find  perceptible  inclinations  of  the  water  level. 
Section  5,  drawn  east  and  west  through  Santa  Fe,  shows  a  fall  of 
fully  200  feet  in  56  miles,  while  section  6,  passing  east  and  west  near 
Garden,  shows  a  decline  of  the  water  surface  of  fully  300  feet  in  the 
same  distance,  or  a  fall  of  over  5  feet  to  the  mile. 

The  same  conditions  are  found  to  obtain  over  areas  much  wider 
even  than  that  covered  by  this  report.  The  water  in  the  Arkansas 
River  Valley  at  Coolidge  is  no  farther  from  the  surface  than  at  Dodge, 
although  the  latter  is  about  860  feet  lower,  or  at  GreAt  Bend  or  Hutch- 
inson or  Wichita  or  Arkansas  City,  although  all  the  latter  points  are 
much  lower  than  Coolidge.  Similarly,  the  water  of  the  high  uplands 
anywhere  in  western  Kansas,  in  general,  is  found  at  about  the  same 
depth,  whether  near  the  western  side  of  the  State  or  near  the  eastern 
limit  of  the  Tertiary,  although  the  difference  in  elevation  may  be  a 
thousand  feet  or  more.  It  is,  therefore,  correct,  in  a  general  way,  to 
speak  of  the  upper  surface  of  the  ground  water  as  being  approximately 
level  when  limited  distances  are  considered,  or  when  a  distance  ext-end- 
ing  in  a  direction  which  chances  to  cover  a  level  surface  of  the  under- 
ground Cretaceous  floor  is  considered.  The  elevation  contours  are 
consequently  of  great  value  in  determining  the  depth  to  which  a  well 
would  have  to  be  carried  to  obtain  water  if  located  near  a  well  of 
known  depth.  But  if  the  prospective  well  is  to  be  drilled  5,  10,  or  20 
miles  from  any  known  well  the  elevation  contours  would  be  of  but 
little  if  any  value. 

The  existence  of  such  vast  quantities  of  wat^r  in  an  arid  and  semi- 
arid  portion  of  the  Great  Plains  appears  very  remarkable.  Could  the 
thousands  of  pioneers  who  traversed  these  regions  prior  to  the  opera- 
tion of  the  transcontinental  railway  lines  have  kno^ro  that  the  purest 
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and  sweetest  water  existed  in  such  unlimited  quantities  at  so  short  a 
distance  beneath  the  surface,  how  many  of  them  in  a  few  hours'  time 
with  spade  and  shovel  would  have  supplied  water  to  slake  the  thirst 
and  maintain  the  life  of  man  and  beast  throughout  the  course  of 
those  perilous  journeys!  But  the  idea  of  such  quantities  of  water 
existing  within  easy  reach  rarely  entered  their  minds.  It  took  years 
of  occupancy  of  the  Great  Plains  by  thousands  of  citizens  for  such  an 
idea  to  become  well  established.  Even  now,  after  almost  ten  years  of 
active  agitation  of  the  subject,  few  people  outside  the  immediate 
localities  where  such  water  exists  realize  the  extent  to  which  water 
may  be  found. 

As  already  explained,  the  whole  country  is  underlain  by  a  mass 
of  impervious  material,  the  Cretaceous  formations,  or  the  Red  Beds. 
This  impervious  floor  prevents  the  downward  movement  of  water  which 
may  be  above  it.  The  Tertiary  sands,  gravels,  and  clays  furnish  a 
•  thin  and  moderately  even  covering  on  the  top  of  this  floor,  a  loose, 
porous  covering,  well  adapted  for  absorbing  all  precipitation  that  may 
fall  upon  it  and  well  suited  for  the  transportation  through  it  of  water 
from  one  part  of  the  countiy  to  another.  It  is  not  necessary,  there- 
fore,  that  the  water  under  any  particular  area  should  have  fallen  as 
rain  or  snow  immediately  upon  that  area,  but  it  may  have  l)een  precip- 
itated tens  or  hundreds  of  miles  away  and  traveled  by  the  slow  move- 
ment now  known  to  exist.  Nor  is  it  necessary  to  assume  that  all  this 
water  must  have  been  precipitated  within  recent  times.  There  is  no 
reason  for  believing  that  climatic  conditions  on  the  Great  Plains  have 
sensibly  varied  for  thousands  of  years.  The  rains  throughout  this 
long  i)eriod  have  been  falling  as  at  present,  and  such  portions  of  them 
as  were  not  carried  away  by  the  run-off  or  by  surface  evaporation  or 
held  as  soil  moisture  have  sunk  to  the  floor  and  there  await  the  drill 
and  the  pump.  As  the  water  accumulates  above  the  impervious  floor 
it  first  moistens  the  sand  to  the  degree  of  saturation,  and  any  excess 
is  held  under  such  conditions  that  it  can  be  drawn  off  by  proper 
methods. 

As  the  downward  percolation  continues,  the  level  at  which  available 
Tvater  exists  gradually  rises,  so  that  in  the  true  sense  of  the  term  we 
may  speak  of  the  ground  being  saturated  upward,  meaning  thereby 
that  in  the  natural  order  of  the  events  of  accumulation  the  level  at 
-which  the  ground  water  first  became  sufficiently  abimdant  to  yield  a 
supply  was  immediately  above  the  impervious  floor,  and  that,  with  the 
increase  of  water  from  above  and  from  the  sides,  this  level  of  avail- 
able water  gradually  rose  in  a  manner  similar  to  the  way  the  upper 
surface  of  water  in  a  vessel  rises  when  water  is  added.  The  upward 
saturation  of  the  sands  and  gravels,  therefore,  is  dependent  upon  the 
accumulation  of  a  larger  supply  of  water  from  precipitation  or  from 
underground  movements. 

We  may  think  of  this  body  of  underground  water  as  existing  in 
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the  form  of  a  lake  or  pool;  not  a  lake  with  a  perfectly  level  surface, 
nor  one  filled  entirely  with  water,  but  an  underground  lake  the  upper 
surface  of  which  is  inclined  in  any  particular  direction,  dependent 
upon  the  relative  conditions  of  supply  and  exhaustion  and  the  rapidity 
with  which  water  may  move  through  the  sands.  I^et  us  again  refer 
to  fig.  1,  explained  in  the  introduction,  the  figure  representing  the 
underground  conditions  at  Lawrence,  in  the  vicinity  of  the  State 
University.  Here  we  have  a  lake  in  one  sense  of  the  term,  an  area 
holding  an  excessive  amount  of  water,  so  that  the  smallest  opening 
made  in  it  is  instantly  filled  by  the  water  flowing  into  it  from  all  sides, 
just  as  an  opening  in  a  bo<ly  of  water  will  be  filled  by  the  movement  of 
the  adjacent  water  from  all  directions.  But  the  upper  surface  of  this 
lake  is  not  level,  because  the  water  movement  is  so  retarded  that  in 
the  lower  portions  of  the  ground  it  can  move  neither  upward  nor  lat- 
erally as  rapidly  as  the  supply  is  brought  from  above;  consequently 
there  is  a  piling  up  of  the  water  similar  to  the  way  grain  may  be  • 
piled  up  in  a  bin. 

This  represents  the  conditions  in  the  western  part  of  Kansas,  the 
only  essential  difference  being  that  the  Tertiary  sands  and  gravels 
I)ermit  a  more  rapid  movement  than  can  l>e  obtained  in  the  clays  at 
Lawrence.  This  great  underground  lake  or  sheet  of  water  is  conse- 
quently uneven  of  surface  and  variable  in  depth.  A  depression  in 
the  floor  will  be  filled  or  partially  filled,  so  that  the  water-bearing 
sands  in  the  valley  of  the  depression  will  be  thicker  than  on  the  sides. 
And  yet  we  may  have  a  floor  inclined  10  or  20  feet  to  the  mile,  with 
the  water-bearing  sands  uniformly  distributed  over  it,  so  that  the 
water  will  lie  at  about  an  equal  distance  above  the  surface  of  the  floor 
over  the  whole  plane. 

MEADE   COUNTY   WELLS. 

The  Meade  artesian  area  is  located  in  the  valley  of  Crooked  Creek, 
to  the  northeast  of  Meade  Center,  extending  from  Meade  Center  to 
Wilburn.  This  gives  it  a  length  of  about  20  miles,  with  a  width  in 
places  of  nearly  6  miles.  The  area  over  which  artesian  water  has  been 
found  to  a  greater  or  less  extent  covers  from  60  to  80  square  miles.  It 
is  a  broad,  flat  valley,  apparently  almost  level,  with  scarcely  any  irreg- 
ularities of  surface  within  it,  except  here  and  there  small  drainage 
channels  which  are  cut  downward  from  5  to  8  feet,  almost  like  an  arti- 
ficial ditch.  On  all  sides  and  in  every  direction  from  the  valley  the 
ground  is  higher,  so  that  there  appears  to  be  a  natural  wall  all  around 
it.  On  the  east  and  southeast  the  wall  is  from  50  to  100  feet  high, 
with  gently  sloping  sides,  and  the  surface  is  largely  covered  with  sand 
hills.  On  the  north  is  a  gentle  rise  toward  Crooked  Creek,  producing 
a  maximum  elevation  of  about  75  feet  between  the  main  part  of  the 
valley  and  Crooked  Creek  itself.  But  at  the  northeast,  toward  Wil- 
burn, the  wall  is  much  more  abrupt,  rising  rapidly  to  a  height  of  100 
to  140  feet,     A  few  drainage  channels  originate  in  the  high  ground  to 
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the  >\-est  and  pass  across  the  artesian  valley  to  Crooked  Creek.     Such 

channels  present  the  appearance  of  mere  ditches  throughout  their 

^^ole  length  within  the  valley,  usually  having  their  banks  lifted 

^gher  than  the  ground  some  distance  back,  showing  the  fiUing-in 

Process  to  have  been  carried  on  by  them,  as  is  so  commonly  done  by 

^ivers  after  reaching  their  base-level.     Crooked  Creek  is,  throughout 

^lie  valley,  scarcely  distinguishable  from  some  of  its  tributaries  just 

^^seribed.     It  is  almost  insignificant  in  ai)pearance,  generally  but  a 

few  feet  wide,  and  can  rarely  be  observed  in  the  landscape  until  one 

Is  within  a  hundred  feet  of  it,  so  closely  does  it  resemble  an  artificial 

flitch' in  its  general  characters.     It  has  also  lifted  its  banks  higher 

than  the  adjacent  land  to  so  great  an  extent  that  in  some  instances 

the  surface  a  quarter  of  a  mile  away  is  lower  than  the  top  of  the  bank 

immediately  at  the  creek. 

The  uplands  to  the  west  of  the  artesian  valley  increase  in  height 
rapidly,  so  that  the  plains  to  the  north  and  northwest  of  Jasper,  as 
shown  by  the  Meade  topographic  sheet,  are  more  than  2,700  feet  high 
not  more  than  10  miles  away,  while  the  general  elevation  of  the  arte- 
sian valley  is  between  2,400  and  2,500  feet.  The  Tertiarj'^  ground 
water  of  the  high  plains  to  the  west  is  found  at  a  depth  of  from  125  to 
150  feet;  consequently  the  level  of  the  water  10  miles  to  the  west  of 
the  artesian  valley  is  from  100  to  120  feet  above  the  surface  of  the 
valley  itself. 

The  artesian  valley  throughout  is  covered  with  Tertiary  or  Pleisto- 
cene deposits.  The  thickness  of  these  formations  is  not  known ;  the 
different  artesian  wells  vary  from  50  to  250  feet  in  depth,  and  no  one 
of  them  has  yet  passed  through  the  formations.  To  the  north,  beyond 
Crooked  Creek,  the  Benton  is  shown  at  the  surface  in  a  few  places  and 
has  been  reached  in  many  of  the  wells.  To  the  northeast,  a  few  miles 
beyond  Wilbum,  the  Dakota  was  found  by  different  wells.  South  of 
the  valley  the  Red  Beds  appear  at  the  surface,  as  the  Benton  and 
Dakota  gradually  grow  thinner  at  the  south  until  they  disappear.  It 
is  further  believed  that  the  strata  were  here  faulted  so  that  the  Meade 
Valley  was  sunk  to  an  unknown  distance,  at  least  100  to  150  feet,  and 
that  it  has  since  been  filled  in  to  a  considerable  extent,  probably  in 
Pleistocene  time.  The  character  of  the  materials,  as  shown  in  the 
borings  from  different  wells  here  and  there  over  the  valley,  can  not 
be  distinguished  from  the  Tertiary  materials  adjacent  on  all  sides.  It 
is  composed  of  silt,  clay,  sand,  and  fine  gravel,  quite  irregularly  mixed, 
so  that  there  is  no  greater  continuity  of  the  bedding  planes  than  may 
be  found  in  the  Tertiary  deposits  elsewhere. 

The  mortar  beds  produced  by  the  cementing  of  the  coarse  sand 
seem  to  be  almost  wanting,  but  here  and  there  the  finer  sand  and 
clay  are  frequently  partially  cemented  by  calcium  carbonate,  produc- 
ing a  certain  degree  of  hardening  similar  to  that  observ^ed  in  the  mor- 
tar beds  elsewhere.  In  character  the  cement  so  frequently  assumes 
IRE  6 4 
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concretionary  aspect  that  it  seems  probable  it  was  deposited  in  the 
tnds  and  clays  by  infiltrating  water  after  they  were  placed  where 
ley  are  now  found.  The  artesian  water  is  drawn  from  the  Tertiary 
'  from  Pleistocene  beds  composed  of  materials  in  everj"  respect  simi- 
r  to  the  Tertiary  materials  surrounding  the  valley  u^wu  all  sides. 

seems  sharply  distinguishable   from  the  Dakota  artesian  water 
tiown  to  exist  to  the  north  and  northwest. 

The  whole  of  the  artesian  valley  is  supplied  with  the  ordinary  under- 
•ound  water,  which  maybe  found  at  from  5  to  15  feet  below  the  sur— -^ 
ce.     Its  abundance  is  not  known,  as  no  one  cares  to  use  it.     It  woukFj^  ^,' 
sem  that  it  is  sharply  distinguished  from  the  deeper-lying  artesian 
ater,  as  it  has  no  apparent  artesian  properties.     But  at  the  sanu^r-. 
me  it  must  be  admitted  that  we  are  in  relative  ignorance  regardii^--^ 
le  reasons  why  the  two  are  not  connected. 

The  artesian  wells  at  present  in  successful  operation  number  co*  ^, 
derably  more  than  3(H),  an  exact  enumeration  of  them  not  havi^^^^ 
it  been  made.     In  depth  the  wells  vary  greatly,  some  of  them  bel^To. 
it  little  more  than  50  feet  deep,  while  othei*s  are  as  much  as  250  fe^f. 
here  is  a  strong  similarity  between  the  materials  passed  through  by 
1  the  wells  if  considered  in  a  general  way,  but  a  lack  of  similarity// 
msidered  in  great  detail.     Each  one  passes  through  the  surface  soil, 
?low  which  it  encounters  alternations  of  clay,  sand,  and  soil.    The 
Lud  is  frequently  partly  cemented,  so  that  the  well  drillers  speak  of 
as  rock,  but  the  layers  thus  cemented  are  rarely  more  than  12  inches 
lick,  and  frequently  not  more  than  G  inches.     Two  wells  within  40 
>ds  of  each  other  found  a  great  variation  in  the  number  and  I'elative 
)sition  of  the  beds  of  clay,  sand,  and  rock,  but  all  of  them  passed 
trough  the  same  materials.     So  far  as  could  be  learned,  there  is  no 
irticular  stratum  which  must  be  reached  before  artesian  wat^r  is 
>tained.     A  mass  of  bluish  clay,  the  color  showing  that  considerable 
aoxidized  organic  matter  is  contained  within  it,  frequently  rests  on 
le  top  of  a  bed  of  uncemented  sand,  stained  yellow  Avith  iron  rust. 
ich  sand  always  contains  water,  generally  the  artesian  water,  and 
dicates  by  the  degree  to  which  the  iron  oxide  is  produced  that  the 
•tesian  water  is  a  surface  water  which  has  not  yet  been  robbed  of  its 
ipply  of  oxygen  gathered  from  the  atmosphere. 
But  few  wells  have  been  studied  carefully  while  being  drilled.    In 
ugust,  1800,  the  writer  had  a  well  put  down  especially  for  making 
1  examination.     It  was  located  on  the  land  of  Mr.  W.  F.  Foster, 
jar  the  center  of  section  6,  township  31  south,  range  27  west.    The 
•ill  used  was  one  rented  from  Mr.  Cooper,  a  well  driller  living  in  the 
illey.     In  addition  to  the  bit  on  the  end,  a  pump  was  attached  so 
lat  water  was  forced  down  through  the  drill  pipe,  causing  a  constant 
)w  upward  outside  of  the  pipe,  the  current  bringing  up  the  cuttings 
'  the  drill.     In  this  way  it  was  impossible  to  tell  within  a  few  inches, 
'  X)ossibly  a  foot  or  two,  of  the  depth  at  which  a  change  of  material 

-^  '^ade  unless  there  was  a  change  in  the  degree  of  hardness  of  the 
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material,  so  that  the  one  turning  the  drill  could  detect  the  difference. 
The  well  was  carried  to  a  depth  of  107  feet  and  obtained  a  moderate 
flow  of  water  from  a  loose,  vellow  sand. 


M^ell  of  Mr.  W.  F.  Foster,  on  section  0,  toiniship  31  south,  range  27  u'est. 
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No.  of 
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4. 

5. 
6. 

i     . 

8. 
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14 
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11 
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13 
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14 

1 

15 
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16 
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Description  of  Mtratum. 


Soil  and  subBoil 

Mortar  beds,  almost  entirely  free  from  sand  or  (fravel. 
small  concretionary  mass  of  calcium  carbonate  inter- 
mingled with  the  clay 

Light-colored  clay,  grading  into  gray  and  grayish-blue 
in  color '. 

Blue  clay  which  grades  into  No.  5 

Light-colored  clay  which  grades  into  No.  6 . . 

Blue  clay 

Mortar  beds  similar  to  No.  2 

Blueclay 

At  depth  of  «6  feet  began  striking  thin  layers  of  hard 
substance,  which  seemed  to  bj  layers  of  sand  suffi- 
ciently cemented  with  calcium  caruonate  to  produce 
considerable  resistance  to  the  drill.  Three  or  four  of 
these  were  passed  during  19  feet.  They  were  sepa- 
rated from  each  other  by  oeds  of  bluo  clay , 

A  fine  white  sand  at  the  top,  grading  into  bluish  sand 
at  the  bottom,  and  which  was  sufficiently  cemented 
with  calcium  carbonate  to  produce  a  relatively  solid 
rook 

Blue  clav,  at  the  bottom  of  which  was  a  hard  sandrock 
similar  to  those  above 

Clay,  with  sand  intermingled 

Lijfnt-colored  sand 

Soft  clay,  gra  ling  into  No  15 

Alternating  layers  of  clay  and  sand  sufficiently  ce- 
mented to  be  noticeable  

At  113  feet  struck  unusually  (for  this  well)  hard  sand 
rock  less  than  1  foot  thick,  Ijelow  which  there  was  a 
frequent  alternation  of  clay  and  sand  ):artially  ce- 
mented, the  layers  being  from  2  inches  to  (J  inches 
thick 

At  ab  )ut  1'3I)  'eet  a  fine  sand  with  clay  was  struck,  a 
light  bluish-yellow  in  color,  which  was  30  feet  thick. . 

At  150  feet  the  color  changed  to  more  of  a  reddish -brown 

At  ItJOfeet  the  sand  became  coarser  and  the  clay  redder 
in  color.  The  drill  gradually  sank  of  its  own  weight, 
occupying  less  than  two  minutes  in  sinking  3  feet, 
while  the  pump  was  kept  running.  At  the  bottom  of 
this  formation  the  clay  seemed  to  disappear  almost 
entirely,  and  the  arte.sian  flow  came  from  the  coarse, 
yellowish  sand 


Total 

depth  to 

Ixjttom  of 

stratum, 

feet. 


20 

31 
36 
40 
50 
52 
60 


85 


88 

91 
102 
105 
106 

112 


130 

150 
160 


167 


It  was  learned  from  Mr.  Foster  and  the  parties  who  did  the  drilling 
that  a  well  previously  drilled,  located  not  over  40  ro<ls  to  the  west, 
struck  almost  none  of  the  harder  material.  The  house  well  of  Mr. 
Marrs,  a  quarter  of  a  mile  to  the  east,  one  of  the  best  wells  in  the 
valley,  likewise  struck  none  of  the  harder  materials.  Each  of  these 
two  wells  was  drilled  in  about  four  hours'  time,  which  further  shows 
the  soft  character  of  the  materials  passed  through.  It  was  reported 
that  a  few  wells  not  more  than  50  feet  deep  have  produced  consider- 
able amounts  of  artesian  water.  From  this  they  increase  in  depth  to 
a  maximum  of  250  feet,  the  depth  of  a  well  drilled  on  Mr.  Cooper's 
place,  about  2^  miles  to  the  southwest  of  the  Foster  well. 

With  but  one  exception,  no  well  has  yet  been  drilled  in  this  valley 
large  enough  to  admit  more  than  a  3-inch  pipe.     The  drills  that 
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have  been  available  for  use  have  been  owned  locally,  and  have  been 
handled  by  men  who  have  had  but  little  experience  in  well  drilling 
outside  the  valley.  Usually  a  gas  pipe  from  12  to  IS  feet  long  is  put 
down  to  shut  off  the  first  water,  after  which  no  piping  is  used.  In  a 
few  instances  wells  have  been  pipe<l  almost  their  entire  depth.  The 
best  now  flowing  gave  but  little  water  when  first  drilled.  They  had  a 
mild  flow  bringing  up  sand,  the  flow  increasing  as  more  .sand  was 
brought  out.  In  some  cases  two  or  three  wagonloads  of  sand  have 
thus  been  thrown  out  by  the  water,  after  which  time  the  flow  reached 
a  maximum  amount  and  the  movement  of  sand  almost  ceased.  Little 
experimenting  has  been  done  to  determine  whether  or  not  an  increase 
of  water  could  be  produced  by  properly  piping  the  wells,  or  by  pump- 
ing them  vigorously  until  all  the  loose  sand  was  removed.  It  is 
quite  possible  that  flows  could  be  greatly  increased  by  these  methods. 

An  artesian  flow  may  be  found  almost  anywhere  over  the  valley. 
Yet  thei*eare  many  instances  in  which  wells  have  been  drilled  that  did 
not  3  ield  a  sufficient  quantity  of  water  to  be  of  value.  It  is  difficult 
to  decide,  with  the  data  at  hand,  why  some  of  the  wells  are  successes 
and  some  ai*e  failures.  In  a  few  places  the  surface  elevation  seems 
to  be  a  little  too  high.  A  w^ell  in  the  bottom  of  a  ravine  will  yield  a 
pretty  good  flow,  while  in  one  drilled  on  the  banks  near  bj^  the  water 
will  rise  almost  to  the  surface,  but  not  high  enough  to  flow%  In  other 
instances  two  or  more  wells  may  be  close  together  with  the  surface 
elevation  the  same,  some  of  which  will  be  good  flowing  wells  and 
others  not.  It  seems  probable  that  this  difference  is  due  to  two  or 
more  causes.  The  great  diversity  in  the  character  of  the  material 
passed  through  in  drilling  the  different  wells  makes  it  certain  that 
the  clay  beds  are  irregular  in  formation  and  distribution.  One  can 
well  underetand  how  the  disix)sition  of  these  beds  may  cause  a  vari- 
ation in  the  results  obtained.  A  mass  of  clay  may  carry  the  water  so 
deep  that  the  drill  can  not  reach  it.  Or  it  is  possible  for  a  mass  of 
sand  to  be  entirely  surrounded  by  an  impervious  clay,  so  that  a  drill 
penetrating  the  sand  will  receive  no  flow  because  there  is  no  pressure 
on  the  water  the  sand  contains.  The  heterogeneous  character  of  the 
clay  beds,  therefore,  may  be  one  of  the  main  causes  for  such  differ- 
ences in  wells  so  close  together.  The  experience  with  wells  which 
are  of  little  value  for  weeks,  or  even  months,  after  which  time  they 
become  strong  flowing  wells,  shows  that  in  some  way  they  become 
choked  with  sand,  permitting  only  a  mild  flow  until  the  sand  is 
removed  by  pumping  or  otherwise. 

It  seems  that  the  northern  and  western  sides  of  the  valley  are  the 
more  productive.  At  present  the  best  wells  are  in  the  northwestern 
portion  of  the  valley,  but  flowing  wells  have  been  obtained  all  the 
way  from  Wilburn,  on  the  northeast,  to  Meade,  or  possibly  a  mile  or 
two  south  of  Meade,  to  the  southwest.  The  flow  of  the  wells  varies 
from  a  pailful  in  five  minutes  to  45  gallons  per  minute.     Approxi- 
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mate  measurements  have  been  made  of  twenty  or  more  of  the  strong- 
est wells.  A  large  bucket  was  accurately  measured  and  filled  by  the 
flow  a  number  of  times,  one  person  handling  the  bucket,  the  other 
holding  a  watch  to  determine  the  number  of  seconds  required  for 
filling  the  bucket.  The  test  was  repeated  a  number  of  times  to  elimi- 
nate errors  of  observation  as  far  as  possible.  In  this  way  it  is  believed 
the  probable  error  of  measurement  is  not  greater  than  1  or  2  per  cent. 
Five  or  six  different  wells  were  found  to  jield  45  gallons  per  minute. 
Twenty  or  thirty  exist  which  yield  30  gallons  per  minute  or  more, 
from  which  the  wells  grade  downward  to  the  minimum  flow. 

The  water  obtained  from  the  wells  is  largely  used  for  irrigation 
purposes.  Many  of  the  wells  were  simply  left  flowing,  and  the  water 
allowed  to  waste,  without  any  attempt  to  use  it.  The  number  of  acres 
^^^I'igated  is  far  less  than  the  estimated  possibility. 

From  data  already  given  regarding  elevations  in  the  artesian  valley 
^Ud  the  uplands  to  the  west,  it  ^vill  be  seen  that  the  water  level  from 
^  to  15  miles  to  the  west  of  the  valley  is  considerably  higher  than  the 
Surface  of  the  ground  within  the  valley.  The  wells  along  the  arroyos 
^o  the  west  of  the  artesian  valley  have  artesian^ropertiet  which  grad- 
^^ally  decrease  westward.  The  depth  of  the  water  on  the  uplands  to 
tlie  west  is  nearly  as  great  a  mile  away  as  it  is  5  miles  away,  except- 
i  Jig  where  the  well  is  located  in  an  arroyo  of  considerable  depth.  It 
Mill  not  do,  therefore,  to  consider  the  water  on  the  uplands  as  moving 
eastward  under  favorable  conditions  for  creating  a  pressure  through- 
out the  whole  distance,  but  rather  it  should  be  considered  that  the 
impervious  Cretaceous  or  Red  Bed  floor  slopes  to  the  east  at  nearly 
the  same  rate  as  the  surface,  and  that  the  water  is  gradually  moving 
clown  this  gentle  incline  toward  the  east.  Here  and  there,  however, 
it  passes  under  local  clay  beds,  which  carry  the  water  to  lower  levels 
than  it  otherwise  would  occupy,  and  a  corresponding  pressure  is  set 
up.  In  some  way,  as  the  large  artesian  area  is  approached,  the  water 
descends,  and  in  the  descent  passes  underneath  the  clay  beds  of  the 
valley,  so  that  a  limited  pressure  is  established. 

A  few  experiments  were  made  to  test  the  height  to  which  water 
would  rise  in  an  open  tube  at  the  well.  All  such  experiments  show 
that  the  rise  is  only  a  few  feet,  perhaps  alwaj^s  less  than  20.  The 
pressure  which  causes  the  flow  from  the  wells,  therefore,  can  not  be 
due  to  the  extra  height  the  water  has  10  miles  to  the  west,  otherwise 
the  head  would  be  much  greater  and  the  flow  correspondingly  strongei*. 
It  would  seem  rather  that  the  pressure  is  due  to  the  head  generated 
by  the  gentle  dipping  downward  of  the  water  level  as  it  passes  under 
the  clay  beds  near  the  west  border  of  the  artesian  area,  perhaps  rarely 
extending  farther  away  than  from  2  to  4  miles.  The  water  in  the 
artesian  wells  seems  to  be  continuous  with  the  general  upland  water 
to  the  west.  It  is  like  it  in  character,  and  the  two  areas  are  connected 
by  various  wells. 

Springs  throughout  the  artesian  valley  are  by  no  means  unknown. 
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A  few  are  located  in  arroyos  along  the  western  border.     The  most 
noted  area  for  springs  is  in  the  vicinity  of  Mr.  Simms's  ranch,  a  mile 
and  a  half  north  of  Fowler.     On  the  eastern  side  of  Crooked  Creek,  a 
fourth  of  a  mile  or  more  away,  a  large  area  is  so  abundantly  supplied 
with  springs  and  seeps  that  hundreds  of  acres  of  land  are  rendered 
worthless.     The  springs  are  principally  located  just  along  the  border 
line  between  the  valley  proper  and  the  higher  lands  to  the  east.    The 
rank  growth  of  vegetation  produced  by  the  moisture  has  provided  a 
tough  and  heavy  sod  which  protects  the  softer  ground  beneath,  so  that 
the  range  animals  can  pass  over  it  with  safety,  except  in  the  imme- 
diate vicinity  of  the  strongest  pools.     Here  the  upward  movement  of 
the  water  is  so  rapid  and  the  sand  which  is  frequently  brought  np 
with  the  water  accumulates  to  such  an  extent  that  vegetation  does  not 
grow  for  a  few  feet  around  the  springs.     Such  areas  are  death  traps 
to  range  animals.     Mr.  Simms  stated  that  numerous  instances  have 
come  under  his  observation  of  animals  becoming  ingulfed  in  the  mnd 
and  sinking  out  of  sight,  or,  if  not  out  of  sight  entirely,  sinking  the 
full  length  of  the  body.     In  many  of  the  springs,  by  using  a  long  pole, 
one  can  feel  bones  at  a  distance  of  from  8  to  15  feet  below  the  surface, 
presumably  those  of  buffalo  and  other  wild  animals  which  lost  their 
life  in  the  springs.     It  seems  pi'obable  that  these  springs  and  the 
artesian  wells  receive  their  supplies  from  the  same  source.     Thechar- 
acter  of  the  water  is  the  same;  the  location  in  general  is  the  same;  for 
artesian  wells  can  be  obtained  in  the  immediate  vicinity  of  the  springs, 
and  the  whole  character  of  the  surroundings  implies  that  there  is  no 
essential  difference  between  the  sources  of  the  two  classes  of  wat^r. 
The  location  of  the  largest  springs  is  near  the  southeast  valley  line, 
along  the  eastern  side  of  the  valley.     If  the  valley  has  been  dropped 
by  faulting,  the  water-bearing  sands  in  the  valley  are  doubtless  on  a 
level  with  the  Red  Beds,  or  the  underlying  Dakota  on  the  east.     This 
condition  would  cause  springs  to  be  more  abundant  along  the  east 
line  than  elsewhere. 

Farther  south,  along  the  western  tributaries  to  Crooked  Creek  and 
in   the   valley  of  Crooked  Creek  itself,  springs  and  seeps  abound. 
The  largest  amount  of  spring  water  flows  through  Spring  Creek,  a 
stream  al)out  3  miles  south  of  Meade.     Springs  are  abundant  through- 
out almost  the  entire  length  of  this  stream,  but  are  particularly  so 
about  3  miles  south  of  Meade,  in  section  21.     Here  most  beautiful 
springs  exist.     At  one  place  with  an  area  of  not  more  than  10  square 
rods,  the  cold,  clear  water  comes  bursting  forth  from  under  the  mortar- 
beds  bluff,    forming  a  stream  like   a  mill  race.      An  approximate 
measurement  from  this  one  area  gave  fully  3  second-feet,  which  is 
equivalent  to  more  than  2,000  acre-feet,  or  enough  to  irrigate  more 
than  2,0C0  acres  with  12  inches  of  water  each  vear.     This  is  one  of  the 
most  remarkable  gi*oups  of  springs  anywhere  in  the  West.     It  would 
seem  that  there  is  an  abundance  of  water,  however,  in  this  one  little 
stream  to  irrigate  more  than  3,0CK)  acres  12  inches  each  year,  provided 
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it  'were  all  used  for  irrigation  purposes  and  proper  care  taken  to  guard 
against  waste.  About  a  mile  below  this  group  of  springs  a  ditch 
draws  water  from  Spring  Creek  to  irrigate  the  alfalfa  fields  on  Crooked 
L  ranch.  The  remainder  of  the  water  passes  on  down  the  creek,  and 
is  principally  used  for  stock  water,  although  here  and  there  small 
ainounts  are  taken  for  irrigation.  South  from  Spring  Creek  the  next 
niost  important  tributary  from  the  west  is  Stump  Arroyo,  a  stream 
along  which  frequent  springs  occur,  but  which  does  not  jMeld  nearly 
so  much  water.  One  principal  ditch  draws  water  from  this  creek  to 
fHrms  below.  All  these  springs  are  in  the  true  sense  connected  with 
^he  artesian  area  to  the  north,  and  the  discussion  of  them  is  relevant 
tiere,  because  they  throw  light  on  the  origin  of  the  water  in  the 
^ftesian  valley. 

Reviewing  the  whole  matter  regarding  the  origin  of  the  water  in 

the  artesian  wells  and  artesian  springs,  it  must  be  admitted  that  it 

seems  the  water  is  continuous  with  the  ordinary  underground  water 

to  the  west,  and  that  it  is  therefore  a  part  of  the  same.     It  is  certainly 

distinct  from  the  Dakota  water,  and  is  so  deep  that  we  can  not  think 

it  lies  above  the  eastern  extension  of  the  water  plane  on  the  west. 

It  is  of  great  practical  importance  to  arrive  at  some  conclusion 
regarding  the  amount  of  available  water  in  the  artesian  valley,  and 
to  decide  whether  or  not  the  continued  use  year  after  year  is  liable  to 
destroy  the  suppl3^  It  will  hardly  do  to  assume  that  wells  could 
]>e  put  down  every  few  rods  over  the  entire  valley,  each  one  of  which 
would  flow  independently  of  the  others.  Artesian  water  in  almost 
all  places  thus  far  observed  in  any  part  of  the  world  has  been  found 
in  wells  which  acted  sympathetically  with  one  another.  When  a 
strong-flowing  well  is  closed,  ordinarily  adjacent  wells  have  their  flow 
accelerated.  Few  experiments  hav  e  been  thus  far  nmde  in  the  Meade 
artesian  valley  to  determine  the  influence  of  one  well  upon  another. 
Many  inquiries  were  made  of  citizens  here  and  there  in  the  valley, 
and  conflicting  statements  were  given  on  these  subjects.  Some  indi- 
viduals were  positive  that  the  rapid  flow  of  one  well  sensibly  dimin- 
ished the  flow  in  weaker  ones  near  by,  while  other  farmers  as 
emphatically  stated  that  on  their  farm  the  flow  of  one  had  no  influ- 
ence on  the  flow  of  another.  It  is  probable  that  the  former  class  of 
reports  are  correct;  in  fact,  it  would  be  quite  remarkable  were  they  not. 
This  condition  need  not  necessarily  argue  against  the  large  supply 
of  water  in  the  valley.'  In  all  cases  where  wells  are  close  together 
they  mutually  influence  one  another,  provided  the  rate  of  flow 
through  the  water-bearing  strata — sand,  gravel,  or  whatever  it  may 
be — is  not  sufficiently  great  to  maintain  the  flow  as  long  as  the  supply 
lasts.  But  most  beds  of  sand  and  gravel  are  so  close  grained  that 
there  is  an  appreciable  check  in  the  rate  of  movement  of  the  water  in 
the  sand,  which  in  most  instances  will  result  in  the  sympathetic 
action  of  adjacent  wells. 
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It  appeai-s  to  the  writer,  therefore,  that  the  question  of  supply  of 
water  for  artesian  wells  depends  more  on  the  source  of  the  water 
than  it  does  on  the  mere  rapidity  of  the  flow  from  any  well  or  from  a 
group  of  wells.     The  facts  already  given  certainly  imply,  as  has 
been  seen,  that  the  source  is  the  ordinary  gmund  water  to  the  west 
and  northwest.     If  this  is  correct,  the  question  of  supply  is  essen- 
tiallj^  the  same  as  the  question  of  the  supply  in  the  upland  areas. 
So  long  as  water  exists  on  the  uplands  from  5   to   20  or  40  miles 
away,  it  is  probable  that  it  will  likewise  exist  in  the  artesian  wells. 
Could  a  sufficient  number  of  wells  be  drilled,  and  could  the  flow  be 
continued  from  all  of  them  a  sufficient  length  of  time,  it  seems  rea- 
sonable to  suppose  that  a  diminution  of  the  supply  of  water  on  the 
uplands  would  fii-st  be  observed,  and  later  of  that  in  the  vallej'.   It 
is  probable  that  the  small  area,  less  than  100  square  miles,  in  the 
artesian  valley  and  the  valley  of  Crooked  Creek  below  Meade,  could 
drain  the  whole  of  the  uplands  to  the  west,  and  that  their  supply  of 
water  would  not  become  exhausted  so  long  as  there  was  any  available 
water  anywhere  in  the  broad  plains  to  the  west  or  northwest.    We 
are  therefore  brought  to  the  consideration  of  the  amount  of  this 
ground  water,  a  subject  discussed  later  in  this  i-eport.     It  is  sufficient 
to  say  here  that,  in  the  judgment  of  the  writer,  water  enough  could 
be  obtained,  were  it  properly  husbanded,  to  irrigate  such  parts  of  the 
Meade  artesian  valley  as  anyone  is  likely  to  want  to  irrigate  during 
the  next  half  century. 

QUANTITY    OF   TERTIARV    GROUXD    WATER. 
DIFFICULTY   OF   ESTIMATION. 

No  one  can  give  more  than  a  mere  approximation  of  the  amount  of 
Tertiary  ground  water  in  western  Kansas.  The  wells  which  thus  far 
have  been  drawing  their  supply  from  it,  with  but  few  exceptions,  have 
shown  no  indications  of  failing.  A  few  wells  which  were  located  on 
the  outer  margin  of  the  water  area  have  been  known  to  become 
exhausted  by  rapid  pumping.  Others  which  have  only  penetrated 
the  water-x)roducing  sands  a  few  inches,  or  a  foot  at  most,  have  like- 
wise been  known  to  fail.  But  no  instances  have  yet  been  found  of  a 
well  failing,  or  seeming  to  be  in  failing  condition,  provided  it  was 
unquestionabl}'  within  the  water-producing  area  and  had  a  depth  of 
5  feet  or  more  in  the  water-bearing  sand.  Of  course  this  does  not 
necessarily  mean  that  the  supply  is  inexhaustible,  in  the  true  sense  of 
the  term.  But  it  may  well  be  taken  to  mean  that  with  any  moderate 
amount  of  pumping — even  an  amount  several  times  greater  than  has 
yet  been  pumped — the  supply  will  not  be  found  wanting. 

It  is  supposed,  and  perhaps  correctly-,  that  water  is  more  abundant 
in  the  Arkansas  River  Valley  than  on  the  uplands  either  north  or 
south.  More  decisive  pumping  tests  have  been  made  liere  than  at  any 
place  on  the  uplands.     The  city  well  at  Garden  represents  the  severest 
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test  made  within  this  area,  a  supply  sufficient  for  a  town  of  2,000 
inhabitants  being  furnished.  The  largest  pumping  plant  within  the 
State  is  located  in  the  Arkansas  Valley,  at  Hutchinson.  Here  the 
Hutchinson  Packing  Company  have  three  pumps  which  have  been 
running  constantly  for  several  months,  pumping  at  the  rate  of  about 
1,300  gallons  per  minute,  the  equivalent  of  5,61(3,000  gallons  per  day, 
without  appreciably  affecting  the  water  supply.  This  is  almost  3  sec- 
ond-feet, an  amount  approaching  the  flow  from  the  big  springs  already 
described  along  Spring  Creek.  There  is  no  reason  for  believing  that 
the  amount  of  water  here  is  any  gi-eater  than  anywhere  else  in  the 
valley  from  Coolidge  to  Arkansas  City.  A  like  amount,  probably, 
could  be  pumped  from  every  qimrter  section  of  land  within  the  whole 
valley.  Should  such  pumi)ing  be  done  all  at  once,  it  doubtless  would 
decrease  the  supply,  but  no  fear  need  be  entertained  that  the  water 
will  not  be  sufficient  for  all  demands  that  will  be  made  upon  it  for  a 
long  time  in  the  future. 

Gould  the  water  level  in  the  valley  be  appreciably  lowered,  it  is 
quite  evident  that  water  would  be  dra>^'n  into  the  vallej'  from  the 
upland  areas  to  the  south,  and  to  some  extent  from  those  to  the 
north.  The  rapidity  with  which  the  movement  toward  the  river 
would  be  made  would  depend  upon  a  number  of  conditions,  such  as 
the  degree  of  exhaustion  and  the  character  of  the  material  through 
which  the  movement  takes  place.  Should  the  draft  be  sufficient 
to  lower  the  water  in  the  valley  20  feet,  there  would  result  a  high 
angle  cf  inclination  on  the  upper  surface  of  the  wat^r  at  either  side, 
tending  to  set  up  a  rapid  movement  from  both  sides  into  the  valley. 
Still,  gradient  of  20  feet  to  the  mile  is  less  than  now  exists  under 
normal  conditions  in  the  area  to  the  north  and  west  of  Englewood, 
ft^  '  :et  the  water  is  not  drawn  away  so  rapidly  but  that  it  is  almost 
ywhere  present.  Should  any  other  area  be  appreciably  exhausted 
ne  excessive  pumping  from  a  well,  or  a  group  of  wells,  so  that  the 
^jer  surface  of  the  water  would  be  materially  lowered,  water  would 
fl«.w  in  from  all  directions  to  supply  the  deficiency,  and  in  this  way 
M.e  one  well  would  drain  a  considerable  area. 

Is  is  therefore  exceedingly  difficult  to  draw  decisive  conclusions 
egarding  the  sum  total  of  the  water  in  the  Great  Plains  of  the  West, 
judging  from  the  amount  that  any  given  well  or  series  of  wells  may 
produce,  so  long  as  the  pump  does  not  entirely  exhaust  the  area.  All 
that  can  be  said  with  certainty  at  the  present  time  is  that,  with  the 
large  amount  of  pumping  which  has  already  been  done,  no  indica- 
tions of  exhaustion  have  vet  been  observed. 

SOURCES  OF  TERTIARY   GROUND  WATER. 

It  is  of  great  importance  to  consider  the  sources  of  the  supply  and 
the  rapidity  with  which  the  supply  can  be  transmitted  to  different 
localities.  Should  we  look  upon  the  ground  water  as  constituting  a 
great  reservoir,  it  is  evident  that  the  amount  would  l>ecome  entirely 
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exhausted  unless  there  were  a  corresponding  continuance  of  the  sup- 
ply.    Should  pumping  he  begun  from  Lake  Michigan,  it  would  sooner 
or  later  entirely  exhaust  that  vast  body  of  water  were  it  not  for  the 
large  additions  to  its  volume  everj'  year  by  the  surface  drainage  of 
adjacent  territory.     It  is  possible  to  determine  the  amount  of  pump- 
ing that  could  be  done  without  appreciably  lowering  the  water  in  the 
lake,  by  an  estimation  of  the  amount  of  water  added  by  the  surface 
drainage  year  by  year.     Likewise  the  question  of  the  supply  of  water 
for  western  Kansas  is  largely  one  of  the  rate  of  the  renewal  of  the 
ground  water.     Any  estimation  on  the  subject  which  neglects  this 
factor  will  in  practice  prove  to  be  faulty,  should  the  time  ever  come 
when  the  sum  total  of  exhaustion  is  more  rapid  than  the  rate  of  sup-, 
ply.     Enough  is  known  on  the  subject  to  demonstrate  that  pumpiD^ 
from  the  underground  reservoir  must  be  many  times  greater  than  that 
which  has  yet  been  done  before  the  exhaustion  will  nearly  equal  the 
rate  of  supply.     In  many  places  throughout  the  country  springs  of 
great  strength  abound,  and  lesser  seeps  supply  water  to  x)OoIs  and 
living  streams.     Should  the  exhaustion  by  pumping  be  appreciable, 
it  would  first  be  noticed  in  the  rate  of  flow  of  the  springs  and  seeps. 
Nothing  of  the  kind  has  yet  been  observed. 

The  original  source  of  all  the  Tertiary  waters  is  precipitation. 
The  areas  over  which  this  precipitation  falls  are  large  and  varied. 
In  Meade  County  the  average  rainfall  is  about  18  inches  per  annum, 
a  rainfall  which  varies  from  year  to  year  and  from  month  to  month. 
Sometimes  heavy  falls  are  known,  reaching  from  3  to  4  inches  or  more 
at  a  single  storm.  With  such  storms  an  undue  projKjrtion  of  the 
water  runs  off  through  the  drainage  channels,  leaving  perhaps  less 
than  half  to  be  absorbed  bj^  the  ground.  At  other  times  the  rain  is 
so  light  that  it  will  wet  the  ground  for  onlj'  a  few  inches,  and  entirely 
evaporate  within  a  few  days  or  weeks,  so  that  perhaps  no  appreciable 
part  of  the  lighter  rain  joins  the  general  ground  wat^r. 

The  character  of  the  soil  has  a  great  influence  on  the  run-off.  In 
the  sand  hill  area  to  the  south  of  Arkansas  River  and  to  the  east  of 
Crooked  Creek,  and  in  the  southeastern  corner  of  3Ieade  County,  it 
requires  an  unusually  heavy  rain  for  any  of  the  water  to  join  the  run- 
off, the  whole  of  it  being  absorbed  and  held  by  the  porous  sands.  On 
the  uplands,  where  the  Plains  marl  is  abundant,  as  well  as  in  the 
river  valleys,  where  a  similar  soil  exists,  the  character  of  the  soil  is 
such  that  onl}"  a  small  amount  of  the  rainfall  is  absorbed,  while  a 
correspondingly  large  proportion  joins  the  run-off.  The  conditions 
of  the  rainfall  and  the  character  of  the  surface  soil  over  the  whole  of 
the  Tertiary  of  western  Kansas  and  eastern  Colorado  are  about  the 
same  on  the  average  as  in  the  area  covered  by  this  report.  Probably 
more  than  half  of  the  total  precipitation  falls  in  severe  storms,  or  in 
light  rains.  AA^e  have,  therefore,  unfavorable  conditions  for  the 
absorption  by  the  ground  of  a  high  per  cent  of  rainfall.     No  one  has 
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made  any  accurate  observations  on  this  subject  with  a  view  to  deter- 
mining the  per  cent  of  the  total  rainfall  which  is  absorbed  by  the 
ground;  but,  as  seen  in  the  Introduction,  it  is  only  a  small  part  of  the 
total  amount  absorbed  that  ever  becomes  available  as  water  supply. 

The  Tertiary  formations  extend  west,  in  some  places  reaching  almost 
to  the  Rocky  Mountains,  but  in  other  places  they  are  separated  from 
the  foothills  by  the  high  ridge  known  as  the  "Hogback,"  and  by  the 
high  divide  farther  north.  Toward  the  mountainous  area  generally 
the  rainfall  increases,  so  that  the  average  annual  precipitation  is 
greater  than  in  the  west  of  Kansas. 

A  great  deal  has  been  said  and  written  regarding  the  probability 
that  precipitation  in  the  mountainous  region  will  reach  Avestern  Kan- 
sas. It  may  be  added  that  little,  if  anything,  is  positively  known  on 
the  subject.  AVe  have  the  Arkansas  River  carrying  its  waters  all  the 
way  from  the  mountains  through  the  Great  Plains.  The  eastward 
inclination  of  the  surface  is  such  that  the  water  in  the  bed  of  the 
stream  at  one  place  is  higher  than  the  uplands  only  a  few^  miles  below. 
Here  and  there  throughout  its  course  the  Benton  or  Dakota  bluffs  hem 
the  water  in,  so  that  it  is  confined  to  the  channel  of  the  stream.  At 
other  places  such  impervious  bluffs  do  not  exist,  and  the  loose,  porous 
Tertiary  sands  and  gravel  spread  from  the  uplands  directly  down  into 
the  river  valley.  There  are  many  places  where,  so  far  as  the  eleva- 
tion of  the  undergi'ound  floor  itself  is  concerned,  underground  water 
may  be  drawn  from  the  Arkansas  River  and  spread  over  all  the  vast 
plains  lying  below.  Whether  this  actually  occurs  or  not  can  be  deter- 
mined only  by  a  careful  and  detailed  study  of  the  water  levels  north 
and  south  of  the  river.  At  present  we  have  so  few  wells  in  the  erreat 
sand-hill  area  south  of  the  river  in  Kansas  and  Colorado  that  no  con- 
clusion of  value  can  be  reached  in  this  discussion.  The  level  lines 
have  shown  that  the  water  in  the  wells  6  or  8  miles  south  of  the  river 
at  Garden  is  at  a  little  lower  level  than  the  water  in  the  river  itself. 
The  same  in  a  general  way  is  true  at  Dodge.^  Later  investigations 
have  added  but  little  information  on  this  subject  for  the  areas  covered 
by  the  sand  hills,  the  difficulty  being  that  so  few  wells  here  exist. 

From  the  meager  data  at  hand,  we  are  forced  to  conclude  that  at 
different  places  throughout  its  course,  so  far  as  the  water  gradients 
are  concerned,  ground  water  might  be  deflected  from  the  river  valley 
southward  in  its  eastward  movement  and  ultimately  become  a  part  of 
the  great  body  of  ground  water  on  the  plains  only  a  few  miles  farther 
east.  If  such  deflection  ever  occurs,  we  have  a  mass  of  water  gathered 
from  the  rains  and  melting  snows  in  the  mountainous  area  being 
carried  across  the  divide  by  the  Arkansas  River  and  ultimately  spread- 
ing over  the  high  uplands  to  the  south  of  the  river.  This  is  only  one 
of  the  conditions  which  are  possible,  so  far  as  the  information  now  at 

*  Report  on  Irrigation,  1893.    Artesian  and  Underflow  Investigation.    Fifty-second  Congress* 
first  session.  Senate  Ex.  Doc.  41,  part  2,  pp.  2^37,  pis.  10  and  11. 
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hand  indicates.  It  is  entirely  improbable,  however,  that  any  con- 
siderable proportion  of  the  water  in  the  plains  south  of  the  river 
<5omes  from  the  river  itself.  It  is  probable  that  if  a  detailed  exami- 
nation were  made  it  would  be  found  that  the  water  in  the  sand-hill 
region  is  a  little  higher  than  in  the  river.  This  statement  is  made 
because  it  is  eustomaiy  for  rivers  to  serve  as  drainage  channels  rather 
than  as  supply  channels.  The  usual  condition  is  for  underground 
drainage  to  be  from  the  uplands  into  the  rivere,  the  same  as  the 
surface  drainage. 

Should  a  considerable  proportion  of  the  water  be  deflected  from  the 
Arkansas  River  Valley  to  the  plains  at  the  south,  we  should  find  a 
much  larger  amount  of  water  south  of  the  river  than  exists  to  the 
north,  unless  there  is  a  similar  deflection  in  places  to  the  north.  Tliere 
are  some  reasons  for  thinking  that  this  may  be  true.  Farther  ea^t, 
in  Clark,  Comanche,  Kiowa,  Pratt,  and  Stafford  counties,  and  the  level 
lands  to  the  east  toward  Wichita,  there  is  a  larger  proportion  of 
springs  and  streams  with  living  water  in  them  than  we  find  in  general 
to  the  north  of  the  Arkansas.  But  it  must  be  confessed  that  with  so 
few  absolute  data  as  are  now  available  regarding  the  actual  amount 
of  ground  water,  arguments  pro  and  cOn  on  this  question  are  of  little 
worth.     A  careful  study  of  the  subject  would  be  of  value. 

At  different  places  along  the  Arkansas,  where  the  bluff  lines  of  the 
valley  are  composed  of  Tertiarj^  material,  both  in  Colorado  and  Kan- 
sas, soundings  should  be  made  at  frequent  intervals  to  determine 
accurately  the  level  of  the  ground-water  surface  both  north  and  south 
of  the  river.  If  it  should  be  found  that  there  is  a  uniform  rise  of 
the  level  outward  from  the  river,  this  would  show  that  the  under- 
ground drainage  is  uniformlj'  toward  the  river  rather  than  away  from 
it.  If,  on  the  contrary,  at  any  time  during  the  year  in  periods  of 
high  water  it  should  be  found  that  the  ground  water  at  or  near  the 
river  is  higher  than  at  localities  farther  back  to  the  south  or  north, 
this  would  seem  to  show  the  possibilitj',  and  even  the  i)robability,  of 
water  being  deflected  from  the  river  toward  the  general  uplands.  Tlie 
direction  of  the  movement  need  not  be  at  right  angles  w'ith  the  river, 
nor  nearly  so,  but  probably  would  be  in  directions  somewhat  similar 
to  those  usually  followed  by  drainage  channels  which  draw  water 
from  the  river.  If  such  lateral  deflections  of  ground  water  are  made 
to  appear  probable,  there  can  be  no  doubt  that  at  least  a  portion  of 
the  precipitation  over  the  mountainous  areas  drained  by  the  Arkausiis 
and  the  Platte  rivers  may  become  spread  out  over  the  great  upland 
plains  and  furnish  an  essential  part  of  the  plains  ground  water.  I^ 
on  the  other  hand,  such  deflections  of  ground  water  in  the  river  val- 
leys are  shown  to  be  impossible,  it  may  well  be  doubted  if  any  of  the 
mountainous  precipitation  joins  the  ground  water  of  the  plains. 

It  must  be  remembered  that  the  underground  movement  is  gov- 
erned largely  by  the  character  of  the  surface  of  the  underground 
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retaceous  fl(K)r  which  has  already  been  described.  There  are  strong 
^ologic  reasons  for  believing  that  this  Cretaceous  floor  in  most 
Aces  east  of  the  foothills  has  a  greater  elevation  than  the  under- 
•ound  water  level  in  the  great  trough-like  area  trending  north 
id  south  to  the  west  of  the  ''Hogback"  and  the  high  divide,  sa 
lat  the  eastwaixl  motion  of  the  water  would  be  impossible,  except 
?re  and  there  where  there  might  be  a  channel  or  depression  in 
le  Cretaceous  floor  similar  to  those  along  the  Arkansas  and  Platte 
vers. 

Whatever  conclusion  may  ultimately  be  reached  regarding  the 
>S8ibility  of  an  eastward  underground  movement  from  the  moun- 
iins  themselves,  the  rate  of  the  movement  of  the  water  through  the 
md  is,  after  all,  of  the  most  importance.  When  water  is  being 
limped  from  a  well,  it  is  not  so  important  to  know  the  amount  of 
ater  10,  50,  or  100  miles  away,  as  it  is  to  know  the  rate  of  move- 
ent  through  the  sand  of  the  water  immediately  adjacent  the  well, 
he  maximum  supply  that  the  well  can  furnish  will  be  dependent 
[)on  the  rate  of  the  inflow  to  the  well,  and  only  remotely  upon  the 
im  total  of  the  water  over  the  whole  area.     The  rate  of  movement 

likewise  of  great  importance  in  considering  the  total  amount  of 
mailable  water  on  the  plains  as  a  whole. 

Should  the  precipitation  and  the  proportion  of  the  precipitation 
hich  joins  the  ground  water  be  greatly  increased,  unless  the  possi- 
e  rate  of  underground  movement  were  correspondingly  increased, 
'ailable  masses  of  water  would  tend  to  pile  up  where  the  precipi- 
tion  occurs,  without  sensibly  affecting  the  supply  in  other  parts  of 
le  country.  Those  who  believe  in  a  mountainous  source  for  a  part 
'  the  whole  of  the  plains  water  must  therefore  be  able  to  show 
lat  the  rate  of  eastward  movement  is  sufficiently  rapid  sensibly  to 
crease  the  available  water  at  different  places  on  the  plains.  Other- 
ise  the  increased  precipitation  in  the  mountainous  areas  would  be 

no  avail. 

It  is  doubtful  if  laboratory- tests  are  of  much  value  in  this  discussion, 
»cause  the  conditions  governing  them  are  not  applicable.  The  incli- 
ition  of  the  surface,  the  porosity  of  the  strata,  the  ease  with  which 
ater  may  pass  from  one  stratum  into  another  as  the  strata  become  dis- 
►ntinued,  are  some  of  the  questions  which  must  be  considered.  In 
ly  experiment  neglect  of  any  one  of  these  conditions,  and  probably 
hers  not  yet  fully  understood,  will  cause  the  results  obtained  to  be 

little  if  any  value  in  this  consideration.  We  may  have  a  mass  of 
nd  or  gravel  largely  composed  of  coarse  grains  or  pebbles,  so  that 

first  thought  it  would  seem  that  water  would  flow  freely  through 

If,  however,  there  is  a  small  amount  of  silt  or  clay  disseminated 

rough  the  mass,  this  will  have  a  most  important  influence.     The 

arse  masses  of  gi^avel  in  such  cases  not  only  do  no  good,  but  do 

irm ;  for  each  grain,  being  impervious,  renders  just  that  much  space 
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impervious.  It  is  probable  that  the  rate  of  flow  through  a  hetero- 
geneous bed  of  this  character  is  governed  by  the  finest  materials  in 
the  bed.  Investigations  of  the  subject,  therefore,  must  consider  the 
detailed  geologic  conditions  of  the  area  studied. 

SUMMARY. 

In  summarizing  the  foregoing  discussions  regarding  the  amount  of 
water,  it  may  be  concluded  that  there  is  a  surprisingly  large  amount 
of  water  in  the  Arkansas  Valley,  and  a  similarly  surprisingly  large 
amount  on  the  uplands,  although  perhaps  smaller  than  in  the  val- 
le3\  The  springs  along  Spring  Creek  are  the  best  single  e\idence 
we  have  of  the  large  amount  on  the  uplands,  and  the  pumping  tests 
in  the  valley,  particularly  at  Hutchinson,  are  the  best  tests  we  have 
■of  the  amount  in  the  valley.  These,  combined  with  the  almost  uni- 
versal presence  of  water,  and  the  meteorologic  and  geologic  condi- 
tions already  explained,  furnish  good  reasons  for  believing  that  the 
amount  of  ground  water  under  the  area  here  described  is  sufficient  to 
meet  any  demands  that  will  likely  be  made  upon  it,  even  should 
industries  spring  up  in  the  West  which  will  use  many  times  as  much 
water  as  now  seems  pi'obable.  The  greatest  needs  for  western  Kan- 
sas now,  and  for  the  whole  plains  area,  are  better  methods  of  raising 
water  from  beneath  the  surface,  and  better  methods  in  using  it. 

IRRIGATION    DEVELOPMENT. 

Irrigation  is  now  practiced  to  a  considerable  extent  in  the  Arkansas 
Valley  and  along  the  Cimarron  River  and  Crooked  Creek.  Numerous 
small  reservoirs  and  irrigation  pumps  are  also  established  on  the 
uplands,  some  of  which  have  proved  to  be  surprisingly  successful. 
In  the  valleys  the  principal  crops  raised  by  irrigation  are  alfalfa  and 
fruit,  but  on  the  uplands  little  is  irrigated  besides  gardens  and  fruit. 

The  water  in  the  Arkansas  River  is  so  low  during  the  greater  part 
of  the  year  that  the  canals  are  dry,  but  in  times  of  fi^eshets  they  are 
used  to  a  considerable  extent,  and  the  thousands  of  acres  of  alfalfa  and 
orchards  and  other  crops  are  quite  thoroughly  irrigated  once  a  ye^rat 
least,  and  upon  the  average  two  or  three  times.  This  is  sufficient  to 
produce  a  moderate  crop  of  alfalfa  during  a  dry  year,  while  in  an  ordi- 
nary season  it  will  give  from  three  to  four  cuttings  of  hay. 

The  acreage  varies  from  year  to  year,  depending  upon  many  matters 
which  affect  the  prosperity  of  the  farmers  in  that  part  of  the  State. 

Several  hundred  acres  are  also  irrigated  in  the  valle\'  from  pumps- 
In  most  places  the  water  is  raised  less  than  12  feet,  so  that  wiudmills 
are  very  efficient,  a  14-foot  wheel  furnishing  ample  power  to  run  au 
8-inch  pump  that  will  throw  from  5  to  8  gallons  at  a  stroke.  Irrigation 
from  mills  is  on  the  increase,  as  it  frequently  happens  that  dry 
w^eather  in  the  spring  and  earh^  summer  is  disastrous  before  water 
from  the  river  is  available. 
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Cimarron  River  carries  a  large  amount  of  water  during  a  part  of 
le  year  and  is  rarely  dry  in  this  part  of  the  State,  as  it  is  fed. by 
prings  from  the  ground  water.  Irrigation  is  practiced  to  a  consider- 
ble  extent  in  different  places  along  the  valley.  The  largest  tract 
Qder  water  from  the  river  at  present  is  the  Clearmont  ranch  of  Col. 

D.  Perry,  at  Englewood.  This  ranch  at  present  has  about  1,100 
res  under  ditch,  but  Colonel  Perry's  plans  are  to  reduce  this  amount 
800  acres,  as  he  thinks  the  same  amount  of  labor  expended  on  a 
laller  acreage  will  give  better  returns  than  when  spread  over  a 
'ger  piece  of  land.  Formerly  general  farming  was  conducted  at 
is  ranch,  but  it  has  been  found  that  with  the  markets  as  they  have 
:?ently  been  it  is  more  profitable  to  raise  feed  for  stock  and  to  mar- 
t  the  animals.     During  the  summer  of  1896,  therefore,  no  field  crops 

consequence  were  raised  except  alfalfa,  sorghum,  and  kafiir  corn, 
ch  of  which  grows  with  great  luxuriance.  PI.  XII  is  a  map  of  Clear- 
est ranch,  showing  how  the  water  is  drawn  from  the  Cimarron  and 
e  principal  laterals  employed  in  distributing  it  over  the  ranch. 
At  certain  times  in  the  year  the  water  in  the  Cimarron  is  slightly 
ilty,  particularly  in  dry  weather.  This  apparentl}^  produces  no  bad 
)il  effects,  principally  because  the  most  iiTigatipn  is  done  at  times 
hen  the  river  is  flush  and  consequently  the  water  least  salty. 
The  large  amount  of  water  furnished  by  the  springs  of  Spring  Creek 
partially  used  on  the  Crooked  L  ranch,  which  lies  in  the  valley  at 
e  junction  of  Spring  Creek  and  Crooked  Creek.  Here  about  500 
ires  are  under  irrigation,  devoted  principally  to  alfalfa,  the  water 
r  which  is  drawn  from  Spring  Creek.  PI.  VIII  is  reproduced  from 
photograph,  showing  the  head  of  the  supply  ditch.  Below  the  mouth 
Spring  Creek  a  few  small  fields  are  irrigated  from  the  creek,  but 
ne  so  large  as  the  Crooked  L  ranch. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
ITnitei)  States  Geological  Survey, 

Division  of  Hydrography, 

Washington^  April  13^  1897. 

Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  Seepage 
Waters  of  Northern  Utah,  by  Samuel  Fortier,  professor  of  irrigation 
engineering  at  the  Agricultural  College  at  Logan,  Utah.  The  facts 
herein  presented  are  based  upon  field  work  carried  on  mainly  during 
the  summer  of  1806,  and  have  special  value  in  illustrating  conditions 
which  prevail  to  a  greater  or  less  degree  throughout  all  irrigated 
lands,  especially  within  inclosed  valleys  or  on  long,  narrow  drainage 
systems. 

One  of  the  matters  which  most  complicate  and  embarrass  the 
adjudication  of  water  rights  and  the  strict  enforcement  of  priorities 
of  appropriation  arises  from  the  fact  that  a  considerable  volume  of 
water  available  for  irrigation  during  the  critical  season  of  the  year, 
when  the  crops  are  maturing,  comes  from  the  seepage  from  lands 
higher  upstream  to  which  water  has  been  applied  earlier  in  the  year. 
In  some  cases  these  lands  have  been  irrigated  in  defiance  of  a  strict 
construction  of  the  law  regarding  the  priority  of  right  to  use  water, 
but  it  has  been  claimed  that  such  use,  instead  of  being  a  detriment 
to  the  lands  below,  has  been  a  benefit,  and,  in  fact,  that  there  has 
been  more  water  available  in  consequence  of  this  use  than  could  other- 
wise be  had.  The  determination  of  these  matters  requires  careful 
measurement  and  study  in  each  case,  but  the  work  of  Professor  For- 
tier serves  to  indicate  what  may  be  expected  under  similar  conditions 
and  illustrates  methods  applicable  to  this  examination. 
Very  respectfully, 

F.  H.  Newell, 
Hydrographer  in  Charge, 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Surrey. 
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SEEPAGE  WATER  OF  NORTHERN  UTAH. 


By  Samuel  Fortier. 


XiOCATION  ANJy   PUHP08K  OF  TIIK  INVESTIGATION. 

The  term  "  seepage  water"  is  used  by  the  irrigators  of  the  West  to 
designate  the  wat^er  which  reaches  the  lowest  grounds  or  the  stream 
channels,  swelling  the  latter  by  imperceptible  degrees  and  keeping  up 
the  flow  long  after  the  rains  have  ceased  and  the  snow  has  melted. 
The  word  "  seepage"  is  applied  particularly  to  the  water  which  begins 
to  appeiir  in  spots  below  in*igation  canals  and  cultivated  fields,  usually 
some  months  or  even  years  after  irrigation  has  been  introduced,  and 
which  tends  to  convert  the  lowlands  into  marshes  and  gives  rise  to 
springs,  which  in  turn  may  be  employed  in  watering  other  flelds. 

The  importance  of  a  thorough  knowledge  of  the  behavior  of  seep- 
age water  is  obvious  when  consideration  is  given  to  the  close  relation- 
ship which  exists  between  the  available  water  supply  and  the  material 
prosperity  of  the  arid  region  where  irrigation  is  practiced.  This  is 
particularly  true  of  Utah,  where  every  readily  available  source  of 
supply  has  long  since  been  utilized  and  where  the  rapidly  increasing 
agricultural  population  necessitates  the  complete  utilization  of  all 
fresh  waters. 

The  measurements  and  investigations  of  seepage  water  described  in 
this  paper  have  been  confined  mainly  to  Cache  Valley,  being  included 
within  three  counties  in  northern  Utah,  Weber,  Boxelder,  and  Cache, 
and  one  county,  Oneida,  in  Idaho.  The  conditions  may  be  taken  as 
fairly  typical  of  those  in  the  entire  State,  and  to  a  less  extent  of  those 
of  adjacent  States.  A  full  knowledge  of  the  seepage  water  will  be 
of  inestimable  value  in  the  development  of  Cache  Valley,  owing  to 
the  conditions  now  existing.  The  towns  and  farming  communities 
were  settled  for  the  most  part  from  30  to  40  years  ago.  The  tribu- 
taries of  Bear  River  have  supplied  all  irrigating  watei*s,  and  many  of 
the  ditches  and  canals  have  water  rights  extending  over  a  period  of 
30  years.  These  early  ditches  were  the  first  built  to  divert  w^ater  from 
Bear  River  and  its  tributaries,  and  according  to  the  law  of  prior 
appropriation  which  prevails  in  Utah,  ^Vyoming,  and  Idaho,  the  three 
States  through  which  Bear  River  flows,  the  early  canals  of  Cache 

Valley  have  water  rights  prior  to  all  others.     Boxelder  Countj'^  has 
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at  least  a  quarter  of  a  million  acres  of  fertile  irrigable  land,  and  with 
the  exception  of  Boxelder  Creek,  Willard  Creek,  and  other  small 
streams  whose  aggregate  summer  flow  does  not  exceed  40  second-feet, 
it  is  entirely  dependent  upon  Bear  River  for  the  water  necesssiry  to 
iri'igate  its  extensive  area. 

The  time  is  not  far  distant  when  conflicts  over  water  rights  must 
arise  between  the  irrigators  of  these  counties,  and  it  is  therefore 
highly  important  to  collect  and  record  now  all  the  physical  dat^a  pos- 
sible pertaining  to  the  capacities  of  the  iiTigating  ditches,  tlie  areas 
watered  by  each,  and  the  general  behavior  of  all  sources  of  supply. 
To  put  off  the  collection  of  such  facts  until  litigation  has  begun,  and 
to  attempt  t<^)  render  court  decisions  upon  the  conflicting  testimony  of 
interested  witnesses  only,  is  full  of  danger.  Moreover,  a  study  of  the 
hydrography  of  Bear  River  and  its  tributaries  is  complicated,  owing 
to  the  fact  that  three  States  obtain  water  from  this  one  source.  Dur- 
ing the  next  drought  many  of  the  irrigators  of  northern  Utah  are  liable 
to  suffer  serious  loss  from  a  scarcity  of  water  in  Bear  River,  caused  by 
its  diversion  through  canals  in  Wyoming  and  Idaho.  If  the  law  of 
prior  appropriation  is  to  be  accepted  for  interstate  priorities,  it  is  of 
the  utmost  importance  that  all  existing  water  rights  be  clearly  defined. 

There  is  ^ill  another  important  question  which  such  work  maj^  aid 
in  solving.  It  may  be  stated  thus:  Ilow  much  of  the  water  diverted 
and  utilized  in  the  upper  valleys  returns  to  the  river  channel  in  time 
to  be  diverted  by  lower  irrigators?  On  account  of  variations  in 
climate,  soil,  and  topography,  the  results  obtained  in  one  section  may 
be  worthless  when  applied  to  others,  and  the  only  way  to  determine 
the  behavior  of  irrigating  waters  is  to  make  the  necessary  measure- 
ments in  each  valley.  Until  this  work  is  at  least  partially  accom- 
pli sued  there  can  be  neither  a  just  nor  a  permanent  apportionment 
of  appropriated  waters. 

The  facts  upon  which  this  paper  is  based  were  obtained  during 
investigations  made  in  the  summer  of  189G.  In  this  work  the  writer 
was  ably  assisted  by  Messrs.  J.  L.  Rhead,  Thomas  11.  Humphreys, 
and  John  S.  Baker.  The  expenses  were  borne  jointly  bj'^  the  Utah 
Agricultural  Experiment  Station,  the  Division  of  Hydrography  of  the 
United  States  Geological  Survey,  and  the  board  of  county  commis- 
sioners of  Cache  County,  Utah.  Owing  to  the  large  cost  of  transporta- 
tion, it  was  necessary  to  confine  the  greater  part  of  the  work  to  Cache 
County,  Utah.  In  Cache  Valley,  which  comprises  the  cultivated  por- 
tions of  this  county  and  the  southeastern  part  of  Oneida  County,  Idaho, 
the  field  operations  consisted  in  the  measurement  of  every  stream 
flowing  into  the  valley  at  three  different  times  during  the  season;  also 
the  determination  of  the  capacity  of  every  ditch  and  canal  in  the  same 
valley  at  least  three  times,  and  accurate  current-meter  measurements 
and  daily  records  of  the  outflow  of  the  valley  through  "The  Narrows" 
on  Bear  River.     While  this  work  was  in  progress  an  attemi^t  Wiis  also 
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made  to  locale  the  head  gate  and  determine  approximately  the  route 
of  each  ditch  and  canal.  The  results  of  such  surveys  are  reproduced 
in  the  accompanying  map  (PI.  I).  The  progress  of  the  field  work 
throughout  the  season  is  fairly  well  shown  by  the  number  of  streams 
and  canals  measured  each  month.  From  June  15  to  30,  1896,  there 
were  58  measurements;  in  July,  131;  in  August,  112;  in  September, 
106;  and  in  October,  19;  making  a  total  of  420. 

The  chief  object  which  the  writer  had  in  mind  in  making  a  partial 
hydrographic  survey  of  Cache  Valley  was  to  determine,  if  possible, 
by  daily  and  semi  weekly  gagings,  the  ratio  existing  between  the  inflow 
(diminished  by  the  volumes  used  in  irrigation)  and  the  outflow.  This 
ratio  being  known  for  a  continuous  period  of  three  months,  an  oppor- 
tunity is  afforded  to  compare  the  loss  of  water  due  to  evaporation 
with  the  gain  due  to  seepage.  Other  objects  held  in  view,  of  minor 
importance  to  the  student  of  hydrography  but  possessing  great  value 
to  the  irrigator,  were  the  average  flow  of  the  various  ditches  and 
canals,  the  amount  of  the  surplus  waters  of  the  larger  streams,  and 
the  duty  of  the  irrigating  waters. 

There  are  several  hundred  natural  and  artificial  water  channels 
in  Cache  Valley  if  the  main  laterals  are  included.  It  is  safe  to 
assert  that  prior  to  June  15,  1896,  less  than  six  measurements  had 
been  made  of  these  canals  and  streams.  This  record  does  not  include 
the  work  done  since  1889  by  the  United  States  Geological  Survey, 
which  perhaps  comprises  fifty  stream  measurements  in  Cache  Valley 
alone.  It  was  thought  that  if  each  canal  and  small  stream  were  meas- 
ured first  in  June,  then  during  the  latter  part  of  July,  and  lastly 
about  September  1,  the  results  of  the  three  measurements  would  repre- 
sent, with  some  exceptions,  the  greatest,  medium,  and  least  flow  dur- 
ing the  season,  and  that  the  average  of  the  three  results  might  be 
taken  as  the  average  flow  of  such  canal  or  creek. 

ORIGIN  OF  8EKPAGE  WATEK8. 

The  water  contained  in  the  open  spaces  occurring  in  clay,  sand, 
gravel,  and  other  materials  of  which  soils  and  subsoils  are  composed, 
is  known  by  various  names,  such  as  soil  moisture,  ground  water, 
ground  storage,  subsurface  supply,  and  the  like.  When  this  ground 
water  moves  down  an  inclined  stratum  of  porous  materials,  the  term 
seepage  water  seems  to  be  more  appropriate  than  that  of  ground  flow, 
which  many  writers  have  recently  used.  Seepage  water  conveys  the 
idea  of  lateral  motion,  but  when  one  uses  the  terms  '"soil  moisture," 
"ground  water,"  or  "underground  water,"  this  conception  is  usually 
not  implied. 

The  water  content  in  dry  soils  may  be  so  small  as  to  admit  of  only 
a  slight  vertical  movement  due  to  the  forces  of  capillarity  and  evap- 
oration. On  the  other  hand,  portions  of  soils  and  subsoils  may  be 
completely  saturated,  but  so  located  that  the  water  confined  therein 
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is  stagnant.  In  such  cases  there  can  be  no  lateral  flow.  Seepa^ 
waters  as  herein  defined  may  be  regarded  as  coming  from  three 
sources,  which,  however,  are  not  alwaj^s  distinct:  (1)  fi*om  unculti- 
vated hillsides  and  mountain  slopes;  (2)  from  irrigated  land;  (3) 
from  the  beds  and  side  slopes  of  water  channels. 

It  will  be  readily  understood  that  a  complete  determination  of  the 
quantity  of  water  which  comes  from  that  which  is  stored  in  the  ground, 
on  any  particular  drainage  basin,  involves  more  than  a  knowledge  of 
the  results  of  the  stream  measurements  made  in  such  basin.  It  is  pos- 
sible, for  example,  to  ascertain  with  considerable  accuracy  the  amount 
of  surface  water  which  flows  into  a  valley,  the  volume  used  in  irriga- 
tion, and  the  outflow,  ])ut  without  knowledge  of  the  losses  occasioned 
by  evaporation,  the  problem  of  seepage  waters  is  indeterminable. 
For  the  want  of  much  necessary  information  in  relation  to  the  pre- 
cipitation and  evai>oration  of  northern  Utah,  there  is  herewith  intro- 
duced in  outline  some  of  the  more  recent  observations  made  elsewhere 
in  connection  with  the  quantities  of  water  evaporated  from  water 
surfaces  and  from  ground  surfaces  or  transpired  from  plant  foliage. 

In  examining  the  water  sux)ply  of  any  section,  such  as  Cache  Valley, 
it  is  desirable  to  begin  with  a  study  of  the  rainfall.  If  the  complete 
history  of  each  raindrop  or  snowflake  were  known  from  the  time  it 
falls  to  the  ground  until  it  again  returns,  in  the  form  of  vapor,  to  the 
atmosphere,  water  problems  could  be  readily  solved.  The  total  vol- 
ume of  water  which  falls  as  rain  or  snow  on  au}^  particular  watershed 
may  be  subdivided  into  four  parts,  which  vary  widely  in  accordance 
with  local  conditions.  Of  these,  one  xwrtion  runs  off  the  surface  and 
fills  the  streams,  especially  during  the  spring  months;  a  second  sinks 
inte  the  soils  and  subsoils,  enters  the  fissures  of  i-ocks,  is  absorbed 
by  porous  strata,  such  as  sandstones,  and  is  the  chief  source  from 
which  wells  and  sx)rings  derive  their  supplies  and  streams  their  late 
summer  and  autumn  discharges;  a  third  part  of  the  annual  pre- 
cipitation is  evaporated  from  ground  and  water  surfaces;  and  the 
fourth  part  develops  plant  growth.  From  the  standpoint  of  the 
farmer,  that  portion  utilized  in  developing  plant  growth  is  the  most 
important.  Cultivated  j^lants  are  chiefly  dependent  on  the  water 
which  sinks  into  the  ground;  hence  the  importance  of  the  latter  to 
the  irrigator. 

Relatively  too  much  attention  has  been  given  to  the  surplus  flow 
in  springtime  and  too  little  to  that  derived  from  ground  storage.  A 
reference  to  Logan  River  may  serve  to  illustrate  the  difference  between 
that  portion  of  the  rainfall  which  rushes  off  the  surface  of  drainage 
basins,  either  when  snow  melts  in  spring  or  when  cloud-bursts  occur 
in  summer,  and  that  which  sinks  inte  the  porous  covering  of  the 
mountain  slopes  to  issue  later  as  the  flow  from  the  ground  storage, 
maintaining  the  streams  during  the  late  summer  and  autumn  months. 
During  June,  July,  and  August  of  ISiKJ,  the  rainfall  as  measured  at 
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the  Experiment  Stntiou  on  the  basin  of  Logan  River  was  only  one- 
fourth  inch.  The  snow  on 
tlie  mountain  i-augo8  liad  all 
melted  before  the  end  of  July, 
yet  on  the  3d  of  September 
there  was  a  flow  in  Logan 
River  of  L'50  Bceond-feet, 
Where  did  this  supply  come 
from?  The  slight  rainfall 
need  not  be  taken  into  Jtc- 
(rount,  for  it  is  safe  to  assume 
that  an  amount  many  times 
greater  than  the  rainfall  was 
evaporated.  It  could  not 
have  oonie  fi-om  melted  snow, 
because  the  snow  had  disap- 
I>eared  as  vajmr,  had  run  o(f, 
or  had  sunk  into  the  ground 
long  before  the  expiration  of 
the  time  nameil.  The  only 
available  source  was  the  flow 
from  the  ground  storage;  in 
other  words,  the  seepage  from 
the  mountain  slopes. 

PRECIPITATION. 
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The  recoi-ds  from  a  number 

of  iraiwrtaiit  loealities  where 

the  observations  are  most  reli- 
able have  been  tabulated  by 

Mr,  James  Dryden,  meteoi- 

ologist  of  the  Utah  Exi>eri- 

ment  Station.     These  reeonls 

extend  over  past  i>eriods  varj'- 

ing  from  three  to  thirty-three 

years,    and    represent    quite 

accnrately  the  preeipitjition 

on  the  valleys  and  table  lands. 
The  dia^-am.s  and   tables 

herein    given    are    compiled 

principally  from  information 

obtained   from  Mr.  Dryden. 

Fig.  1  is  a  graphic  rejiresen- 

tation  of  the  precipitation  for 

^""''  each  month  of  the  year  at 

each  of  five  northern  stations.     At  Corinne,  Boxelder  County,  the 

month  of  greatest  rainfall  for  twenty-five  years  has  been  December, 
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averaging  1.8  inches.  January,  February,  March,  April,  and  May 
have  remained  nearly  constant  at  about  1.25  inches  each,  while  the 
dry  months  have  been  June,  July,  August,  and  September,  which  have 
not  averaged  one-half  inch  each.  This  distribution  of  the  annual 
precipitation  is  typical  of  nearly  every  section  of  Utah.  A  glance  at 
the  diagrams  of  fig.  1  is  sufficient  to  show  that  June,  July,  August, 
and  September  are  the  dry  months,  and  as  these  constitute  the  greater 
part  of  the  period  between  seed  time  and  harvest,  the  rain  evidently 
falls  at  the  wrong  time. 

Salt  Lake  County,  as  represented  by  the  rainfall  of  the  city  of  Salt 
Lake,  has  averaged  during  the  past  thirty  years  16.53  inches,  but 
during  the  four  summer  months,  beginning  June  1,  the  total  average 
rainfall  has  been  less  than  3  inches.  From  1870  to  1895,  Weber 
County,  as  represented  by  the  station  at  Ogden,  has  had  an  average 
annual  precipitation  of  14.02  inches,  but  the  four  summer  months 
have  not  averaged  one-half  inch.  The  diagram  at  the  bottom  of  fig.  1 
gives  the  mean  monthly  precipitation  for  the  State  as  obtained  by 
averaging  the  results  of  the  more  important  stations  scattered  in  vari- 
ous parts  and  located  at  different  altitudes.  This  exhibits  the  deficient 
rainfall  during  June  and  the  gradual  increase  through  July,  August, 
and  September.  Fig.  2  gives  the  average  annual  precipitation  at 
twelve  important  stations,  these  being  arranged  in  a  general  geo- 
graphic order  from  north  to  south,  the  most  northerly  being  Logan, 
in  Cache  County,  and  the  most  southerly  St.  George,  in  Washington 
County,  in  the  southwestern  corner  of  the  State.  The  numbers  at  the 
bottom  of  the  figure  refer  to  the  stations  named  in  the  table  below. 

The  following  table  gives  for  the  12  selected  stations  the  approxi- 
mate elevation  above  sea  level,  the  length  of  the  record  in  years,  and 
the  mean  annual  rainfall  during  this  time : 

Mean  annual  rainfall  at  12  stations  in  Utah, 


1 

2 

3 

4 

5 

G 

7 

8 

9 

10 

11 

12 


Placo. 


Logan  

Corlnne 

Ogden 

Salt  Lake 

Heber 

Fort  Duchesne 

Levan 

Fillmore 

Moab 

Loa 

Parowan 

St.  G^rge 


County. 


Cache 

Boxelder... 

Weber 

Salt  Lake  .. 
Wasatch  . . . 

Uinta 

Juab 

Millard-... 

Grand  

Wayne 

Iron 

Washington 


Above  sea 
level. 

LenfiTth  of 

record  in 

years. 

Mean  an- 
nual raio- 
faU. 

Feet. 

Inchf*. 

4,500 

5 

13.81 

4,232 

26 

11.73 

4,340 

26 

14.03 

4,354 

33 

16.53 

5,500 

3 

16.97 

4,941 

8 

6.35 

5,100 

7 

18.45 

5,100 

8 

13.60 

3,900 

7 

6.95 

6,900 

4 

6.28 

5,970 

5 

13.55 

2,880 

15 

6.31 

riER.] 
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►elow  is  given  the  mean  monthly  rainfall  for  the  same  period : 
Mean  monthly  precipiiation  at  ttcelve  stations  in  Utah, 


Place. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

ogan 

1.55 

1.32 

2.03 

1.12 

2.06 

.78 

.27 

.21 

1.60 

.36 

.74 

1.65 

orioDO 

1.27 
1.65 

1.26 
1.51 

1.29 
1.57 

1.12 
1.47 

1.12 
1.49 

.58 
.58 

.44 
.25 

.31 
.40 

.63 

>   .68 

.84 
1.42 

1.07 
1.12 

1.80 
1.88 

ffden 

alt  Lake  City.... 

1.46 

1.81 

2.01 

224 

1.76 

.78 

.65 

.76 

.91 

1.60 

1.48 

1.68 

ieber 

2.89 
.38 

2.16 
.50 

2  15 
.71 

1.01 
.77 

.95 
.79 

.35 
.25 

.76 

.48 

.61 
.63 

1.08 
.60 

.94 
.24 

.80 
.23 

3.28 
.77 

ort  Duchesne 

evan 

1.63 

1.47 

.68 

1.83 

1.68 

.73 

2.33 

1.65 

.86 

2  22 

2.25 

.32 

2.07 
1.11 

.69 
.53 
.08 

.40 
.51 
.64 

.77 
.83 
.51 

1.39 
.72 

1.04 
.46 
.42 

.76 
.73 
.59 

3.32 
1.41 
1.07 

Illmnra 

[oab 

oa 

.57 

.74 

.63 

.15 

.33 

.06 

.87 

1.06 

.40 

.46 

.43 

.45 

arowan 

1.27 

1.56 

3.08 

135 

.95 

.17 

1.00 

1.06 

1.04 

.71 

.57 

1.00 

t.  George 

1.01 

.91 

.60 

.27 

.33 

.08 

.33 

.29 

.41 

.31 

.44 

1.38 

[ore  than  the  usual  amount  of  rain  fell  in  Cache  Valley  during 
6,  as  shown  by  the  following  table,  wTiich  gives  the  precipitation 
June,  July,  August,  and  September  of  that  year,  and  also  the 
rages  of  all  past  records  for  the  same  months: 

Precipitation  at  Logan,  Utah,  for  four  montlis. 


Jane 

July 

August 

September . 

Total 


1896. 


Inches. 
0.46 
1.40 
1.49 
0.91 


4.26 


Prior  to 
1896. 


Inches. 
0.78 
0.27 
0.21 
1.60 


2.86 


EVAPORATION. 

[any  tests  have  been  made  in  different  parts  of  the  world  to  ascer- 
1  the  amount  of  water  evaporated  from  water  surfaces.  The  util- 
iion  of  this  information  is,  however,  limited  chiefly  to  hydraulic 
:ineers  who  wish  to  determine  the  losses  from  reservoir  and  lake 
faces.  A  knowledge  of  the  actual  volumes  of  water  evaporated 
m  such  surfaces  is  of  little  direct  value  to  Western  irrigators,  for 
reasons  that  the  operating  forces  are  entirely  beyond  their  control 
I  the  evaporated  water  is  borne  away  by  the  prevailing  winds.  It 
^ht  be  some  satisfaction  to  know  that  the  evaporation  from  the  sur- 
e  of  Great  Salt  Lake  was  only  60  inches  yearly  instead  of  80  inches, 
some  would  have  us  believe;  but  that  knowledge  alone  might  not 
tble  us  to  reclaim  an  additional  acre  of  land  in  Utah,  although  the 
:erence  of  20  inches  yearly  over  the  entire  surface  of  the  lake  would 
IBB  7 2 
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comprise  a  volume  of  water  sufficient  to  irrigate  a  million  acres. 
There  is  good  reason  to  believe  that  little  of  the  moisture  withdrawn 
from  the  Utah  lakes  returns  in  the  form  of  rain  or  snow  within  the 
confines  of  the  State.  Tooele  County  borders  on  Great  Salt  Lake, 
but  with  a  probable  annual  evaporation  of  6  feet  near  its  shore  line, 
the  parched  soil  receives  yearly  on  an  average  only  about  6  inches 
from  rainfall. 

Comparatively  few  measurements  of  evaporation  have  been  made 
in  Utah.  The  most  important  were  those  carried  on  at  the  reservoir 
in  the  rear  of  Fort  Douglas,  immediately  east  of  the  city  of  Salt  Lake. 


Fio.  3.— Evaporating  pan  and  scale. 

These  observations  are  mentioned  in  the  Eleventh  Annual  Report  of 
the  United  States  Geological  Survey,  Part  II,  on  pages  30  to  34,  and  the 
results  are  given  briefly  in  the  Fourt-eenth  Annual  Report,  page  154. 
Similar  measurements  were  made  for  a  few  months  at  Prove  and 
Nephi. 

The  apparatus  used  by  the  Geological  Survey  in  making  observa- 
tions of  evaporation  consists  of  a  galvanized-iron  pan  3  feet  square 
and  10  inches  deep,  immersed  in  water  and  kept  from  sinking  by  means 
of  floats  of  wood  or  hollow  metal.  Into  this  pan  water  is  poured  until 
the  surface  is  within  from  1  to  2  inches  of  the  top,  the  attempt  being 
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made  to  keep  the  pan  as  full  as  possible  without  spilling  ov€ 
edge.  The  temperature  of  the  water  Inside  the  pan  has  been  j 
by  experience  to  be  practically  uniform  with  that  of  the  surroui 
water  in  the  ditch  or  pond  in  which  the  pan  is  placed,  varying 
it  usually  not  more  than  1  or  2  degrees.  If  the  pan  is  kept  fi 
that  the  edge  or  rim  does  not  offer  an  obstruction  to  the  >^in( 
evaporation  from  the  surface  inside  the  pan  should  be  approxin 
the  same  as  that  from  the  surface  of  the  water  outside. 

The  amount  of  water  evaporated  is  determined  by  tneasurin 
decrease  in  height  of  water,  observations  being  usually  taken  oi 
sometimes  twice  a  day.  These  are  made  by  means  of  a  brass 
hung  in  the  middle  of  the  pan  and  provided  with  diagonal  bars 
which  the  reading  is  magnified  about  .three  times.  By  the  use  o 
scale  it  is  possible  to  read  differences  in  vertical  height  of  one  one 
dredth  of  an  inch.  This  method  of  observing  the  height  of  wa 
probably  not  so  good  as  that  by  means  of  a  hook  gage,  but  is 
what  simpler  and  the  apparatus  is  less  expensive.  An  improvei 
has  been  proposed,  consisting  of  a  rod  fixed  rigidly  in  the  cen 
the  pan  and  rising  to  within  1  or  2  inches  of  the  top.  Water  is  pu 
the  pan  until  the  point  of  this  rod  is  about  to  be  submerged,  as  s 
by  the  meniscus.  As  the  water  evaporates  more  is  added  by  me« 
a  tin  cup  made  of  such  capacity  that  one  cupful  is  equivalen 
depth  of  one  one-hundredth  of  an  inch  on  the  surface  of  the 
The  observer  has  only  to  record  the  number  of  times  the  cup  is 
and  emptied  into  the  pan. 

The  following  table  gives  the  results  of  the  measurements  al 
Douglas,  the  observations  beginning  on  August  23,  1889,  and  e 
in  May,  1893.  They  were  made  by  a  soldier,  Charles  M.  L 
detailed  for  the  purpose.  Owing  to  numerous  disturbing  influ( 
such  as  heavy  wind  splashing  water  into  the  pan  or  rainfall  a 
to  the  quantity,  or,  during  winter,  the  freezing  of  the  surface,  i 
rarely  possible  to  continue  observations  consecutively  for  more 
a  few  days  at  a  time.  The  table  gives,  therefore,  the  number  ol 
in  each  month  during  which  fairly  reliable  results  were  obtaine( 
also  the  average  of  these  daily  observations.  This  average  is  ass 
to  be  that  for  all  the  days  of  the  month,  and  is  therefore  mult 
by  the  number  of  these  to  obtain  the  approximate  monthly  toti 


1  Physical  daU  and  sUtistics  of  California,  1886,  p  373. 
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Evaporation  at  Fort  Douglas,  Utah,  in  inches. 


Month. 

1889. 

1890. 

1891. 

1892. 

1893. 

OD 

& 

• 

3 

o 

ad 

1 

• 

Q 

• 

1 

& 

15 
14 

25 
26 
10 
25 
15 
10 

• 

1 

OS 

0 

March 

.067 
.075 
.132 
.177 
.211 
.235 
.174 
.068 
.055 

2.1 
2.3 
4.1 
5.3 
6.5 
7.3 
5.2 
2.1 
1.6 

April  

123 

133 

.170 

.240 

.210 

.153 

068 

041 

3.7 
4.1 
5.1 
7.6 
6.5 
4.6 
2.1 
1.2 

19 
15 
22 
10 
20 
17 
15 
15 

.107 
.153 
.174 
.246 
.210 
.174 
.081 
.047 

3.2 
4.8 
5.2 
7.6 
6.5 
5.2 
2.6 
1.4 

3 

8 

.083 
.1(» 

2.5 

May 

5.2 

June 

July  

16 
20 
23 
21 
18 



August 

September... 

October 

November . . . 

11 

18 
7 
2 

.340 
.190 
.157 
.035 

10.5 
5.7 
4.9 
1.0 

.... 

....•• 

Observations  were  conducted  in  a  similar  manner  at  Prove  during 
a  portion  of  the  month  of  October,  1889,  giving  an  average  daily  evap- 
oration of  0.10  inch,  and  at  Nephi,  at  intervals  during  a  part  of  the 
same  year,  giving  a  mean  daily  evaporation  for  June  of  0.13  inch;  for 
July,  0.16  inch;  for  August,  0.15  inch,  and  for  September,  0.10  inch. 
Similar  fragmentary  results  have  been  obtained  for  loc«»lities  in  other 
parts  of  the  West.*  The  longest  series,  however,  is  that  begun  in  1887 
by  Prof.  L.  G.  Carpenter  at  the  Experiment  Station  at  Fort  Collins, 
Colorado.  The  evaporating  pan  at  this  place  is  3  feet  square  and  3 
feet  deep,  sunk  into  the  ground,  the  height  of  water  being  measured 
by  means  of  a  hook  gage.  The  results  have  been  published  only  up 
to  the  end  of  1891.^ 

Monthly  evaporation  at  Fort  Collins,  Colorado,  in  inclies. 


Year. 

Jan. 
2.46 

Feb. 

Mar. 

Apr. 
5.55 

May.  June. 

July. 

Aug. 

Sept. 

Oct. 

3.26 
2.17 

Nov. 

Dec 

Total. 

1887 

1888 

3  23 

4.60 

5  19 
4.45 
3.72 

5.75 
7.70 
4  34 

5.23 
7.00 
5.20 
5.44 

4.24 
4.06 
5.15 
5.76 
4.90 

4.12 
3.94 

1.48  ^  l.«0 
1.35    0  90 

46.71  ! 

1889 

1.09 
0.86 
1.20 

1.03 
2.36 
2.79 

2  75 
3.48 
2  23 

4.06 
3  50 
2  24 

5.19  1  3.28 
3. 60     2. 71 

0.68 

1  ia 

37.83 
40.34 
39.  IS 

1890 

4.32  1  5.71 

1.32     1  in 

1891 

5.03 

4.97 

5.72 

4.12 

3.63 

1.73 

0.75 

At  the  experiment  station  located  at  Laramie,  Wyoming,  Prof.  J.  D. 
Conley  noted  a  total  evaporation  from  April  17  to  October  22, 1895,  of 
37.02  inches,  distributed  as  follows:  April. 17-30,  2.53;  May,  7.33; 
June,  6.24;  July,  7.29;  August,  6.07;  September,  4.94;  October  1-22, 
2.62  inches.  In  this  test  the  evaporation  was  measured  by  means  of 
a  hook  gage  within  a  tank  lined  with  galvanized  iron,  and  holding 
when  full  a  cubic  meter  of  water.^ 

Prof.  T.  Russell,  in  the  Monthly  Weather  Review  for  September, 

'  Eleventh  Ann.  Rept.  U.  S.  Geol.  Survey,  Part  II,  p.  34. 

"Fourth  Ann.  Rept  State  Agricultural  Experiment  Station,  Fort  Ck)llin8,  Colorado.  1891,  pSa 
»  University  of  Wyoming  Experiment  Station  Bulletin  No.  27,  March,  1896,  Meteorology  for 
1895,  p.  15. 
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1888,  gives  the  results  of  one  year's  observations,  from  July  1, 1887,  to 
June  30,  1888,  of  the  Piche  evaporometer. 

From  this  article  are  obtained  the  following  figures,  which  give  the 
computed  evaporation  in  inches  at  several  points: 

Estimated  depth  of  evaporation  in  inches. 


station. 


Salt  Lake,  Utah... 
Boise  City,  Idaho . . 
Winnomncca,  Nev 

Denver,  Colo 

Cheyenne,  Wyo. . . 

Helena,  Mont 

Santa  Fe,N.Mex.. 
Tama,  Ariz 

Station. 

Salt  Lake,  Utah... 
Boise  City. Idaho.. 
Winnemucca,  Nev 

Denver,  Colo 

Cheyenne,  Wyo... 

Helena,  Mont 

Santa  Fe,N.Mex.. 
Yania,Ariz 


Jan. 


1.8 
1.6 
0.0 
2.8 
3.3 
1.1 
3.0 
4.4 


Feb. 


2.7 
2.5 

2.8 
3.7 
5.7 
3.6 
3.4 
5.2 


March. 


3.6 
3.8 
6.2 
3.5 
4.0 
2.1 
4.2 
6.6 


April.     May 


7.2 
6.1 
9.1 
7.0 
8.2 
6.1 
6.8 
9.6 


6.9 
6.5 
9.3 
5.8 
5.2 
4.3 
8.8 
9.6 


June.      July. 


8.9 
6.6 
10.1 
10.5 
10.4 
6.5 
12.9 
12.6 


9.2 

10.0 

11.5 

8.3 

8.0 

7.2 

9.2 

11.0 


Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

12mos. 
evapo- 
ration. 

10.7 

9.6 

6.5 

5.0 

2.3 

74.4 

9.2 

7.4 

5.2 

3.2 

1.8 

63.9 

12.0 

9.9 

6.6 

3.7 

L8 

83.9 

8.5 

6.1 

4.9 

4.2 

3.1 

69.0 

7.7 

8.6 

5.8 

6.1 

3.5 

76.5 

7.7 

6.4 

4.3 

3.0 

2.1 

53.4 

9.8 

6.6 

6.7 

5.7 

2.7 

79.8 

10.2 

8.2 

8.2 

5.5 

4.6 

95.7 

Precipi- 
tation 
in  1888. 


13.62 

11.09 

4.89 

9.51 

14.51 

10.14 

12.03 

2.95 


An  estimate  of  the  total  amount  of  yearly  evaporation  from  water 
surfaces  in  this  State,  based  on  the  foregoing  facts,  would  vary  from 
3  to  6  feet  in  depth,  depending  upon  the  temperature,  frequency,  and 
velocity  of  the  winds,  dryness  of  the  atmosphere,  and  like  conditions. 
From  the  same  data  we  may  conclude  that,  generally  speaking,  the 
evaporation  during  the  four  months  of  May,  June,  July,  and  August, 
or,  in  other  words,  the  irrigation  period  of  this  section,  is  equal  to 
that  of  the  remaining  eight  months. 

The  comparatively  large  loss  by  the  yearly  evaporation  from  wet 
ground  surfaces  of  the  Western  States  is  of  far  greater  importance 
than  the  evaporation  which  takes  place  at  water  surfaces,  for  the  rea- 
son that,  in  a  measure,  it  can  be  controlled  by  man.  Such  conserva- 
tion of  the  obtainable  water  supply  results  in  liaving  available  a 
balance  which  can  be  utilized  in  reclaiming  desert  land  and  in  increas- 
ing the  productions  of  land  now  cultivated. 

One  of  the  cheapest  and  most  effective  methods  of  checking  excess- 
ive evaporation  is  cultivation.  In  this  regard  Utah  irrigators  have 
an  important  lesson  yet  to  learn.  The  custom  of  the  majority  is  to 
apply  large  quantities  of  water  to  growing  crops,  making  a  paste  of 
the  top  soil.  In  less  than  twenty-four  hours  the  water  in  this  top 
layer  is  evaporated,  leaving  the  ground  hard  and  baked.     Under  such 
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couditiotis  it  is  astonishing  how  rapidly  the  soil  moisture  is  evapo- 
rated. If  this  top  crust  is  left  undisturbed  for  a  few  days,  the  soil 
becomes  parched,  the  crops  apparently  suffer  for  lack  of  moisture, 
and  the  unskilled  irrigator  fancies  the  only  remedy  is  to  apply  more 
water. 

With  the  most  careful  attention  while  irrigating,  it  is  not  possible 
always  to  prevent  the  formation  of  paste  by  the  mixture  of  fine  soil 
and  water  and  the  subsequent  baking;  but  the  robbing  the  soil  of  its 
moisture  through  excessive  evaporation  can  be  avoided  by  breaking 
up  tlie  surface  crust  as  soon  as  it  forms  and  by  keeping  the  surface 
laj'er  thoroughly  pulverized,  thus  effectively  checking  evaporation  in 
even  the  hottest  weather. 

Recent  experiments  have  shown  that  evaporation  from  the  surfa<?e 
of  soil  can  be  greatly  decreased  by  mulching.  The  effect,  for  example, 
of  a  3-inch  layer  of  broken,  compacted  oat  straw,  spread  evenly  over 
the  surface  of  a  strawberry  field  in  Minnesota,  was  to  decrease  the 
evaporation  by  605  barrels  per  acre,  and  the  gain  in  moisture  to  the 
soil  of  a  vineyard  by  a  similar  treatment  was  1,600  barrels  per  acre, 
sufficient  to  cover  the  entire  surface  to  a  depth  of  nearly  2  inches.^ 

It  has  been  repeatedly  demonstrated  that  wind  is  a  prime  factor  in 
increasing  evaporation  from  both  ground  and  water  surfaces.  While 
it  is  true  that  the  frequency,  course,  and  velocity  of  the  winds  lie 
beyond  the  control  of  the  agriculturist,  yet  by  planting  suitable  trees 
to  form  wind-breaks  within  and  around  cultivated  fields,  much  bene- 
fit may  be  gained.  The  foliage  of  the  trees  will  decrease  the  tempera- 
ture, increase  the  humidity  of  the  air,  and  break  the  force  of  the 
wind. 

Perhaps  the  most  complete  test  of  the  amount  of  water  evaporated 

from   soil   and   water  surfaces  was  made  in   England   by  Charles 

Greaves,'  M.  Inst.  Civ.  Eng.     His  results  are  summarized  by  Fanning 

as  follows: 

The  mean  annual  rainfall  during  the  time  (1860  to  1873)  was  27.7  inches.  The 
annual  evaporations  from  soil  were — minimum,  12,07  inches;  maximum,  25.14 
inches,  and  mean,  19.53  inches;  from  sand — minimum,  1.43  inches;  maximum,  9.10 
inches,  and  mean,  4.65  inches;  from  water — minimum,  17.33  inches;  maximnm, 
26.93  inches,  and  mean,  22.2  inches.'  The  climatic  conditions  of  arid  America  are 
so  unlike  those  of  England  that  the  above  results  do  not  in  the  least  apply.  They 
show,  however,  that,  other  conditions  being  equal,  the  amount  of  evaporation  from 
ground  surfaces  is  somewhat  less  than  from  water  surfaces. 

.  Dr.  E.  Wollny  of  Munich  confirms  this  view  when,  in  summarising 
the  work  of  three  j^ears  on  evaporation  from  land  surfaces,  he  eon- 
eludes:^ 

(1)  That  the  quantity  of  moisture  evaporated  from  the  soil  into  the  atmosphere 
is  considerably  smaller  than  that  evaporated  from  a  free  surface  of  water. 

>  Bulletin  No.  35,  Minnesota  Agricultnral  Experiment  Station. 
3  Trans.  Inst.  Civ.  Eng.,  Vol.  XLV,  pp.  3-29. 

*  A  Treatise  on  Hydraulic  and  Water-Supply  Engineering,  by  J.  T.  Fanning,  1889,  p.  93. 
«Prof.  E.  Wollny,  Forswrhungon,  Vol.  XVIII,  p.  4m.    Abstracted  in  the  Monthly  Weather 
Review,  Department  of  Agriculture,  Novem>K»r,  isa'i,  p.  422. 
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(2)  That  the  evaporation  is  smallest  from  naked  sand,  and  largest  from  naked 
clay,  whereas  naked  turf  and  hnmns  or  vegetable  mold  have  a  medium  value. 

(3)  That  the  evaporation  is  increased  to  a  considerable  extent  by  covering  the 
ground  with  living  plants. 

(4)  Evaporation  is  a  process  that  depends  upon  both  the  meteorological  condi- 
tions and  on  the  quantity  of  moisture  contained  by  the  substratum  of  soil. 

(5)  Among  the  external  circumstances,  temperature  is  of  the  greatest  impor- 
tance, inasmuch  as,  in  general,  evaporation  increases  and  diminishes  with  it;  but 
this  effect  is  modified  according  as  the  remaining  factors  come  into  play  and  in 
prox)ortion  to  the  quantity  of  water  supplied  by  the  substratum. 

(6)  The  influence  of  higher  temperature  is  diminished  more  or  less  by  higher 
relative  humidity,  greater  cloudiness,  feebler  motion  of  the  wind,  and  a  diminished 
quantity  of  moisture  within  the  soil,  whereas  its  influence  increases  under  oppo- 
site conditions. 

On  the  other  hand,  low  temperatures  can  bring  about  greater  effects  than  high 
temperatures,  if  the  air  is  dry,  or  the  cloudiness  small,  or  the  wind  very  strong,  or 
if  a  greater  quantity  of  water  is  present  within  the  evaporating  substance. 

(7)  For  the  evaporation  of  a  free  surface  of  water,  or  for  earth  that  is  com- 
pletely saturated  with  water,  the  important  elements  are,  first,  the  temperature; 
next,  the  relative  humidity  of  the  air,  and  then  the  cloudiness  and  the  direction 
and  velocity  of  the  wind;  whereas,  for  the  ordinary  moist  earth,  no  matter  whether 
the  surface  is  naked  or  covered  with  living  plants,  it  is  the  quantity  of  rain  upon 
which  the  soil  depends  for  its  moisture  that  is  the  important  additional  consid- 
eration. The  effects  of  the  external  elements  on  evaporation  become  less 
important,  as  explained  in  paragraph  5,  in  proportion  as  the  precipitation  is  less 
and  as  the  soil  is  more  completely  dried  out  by  the  previous  favorable  weather, 
and  vice  versa.  For  these  reasons  the  rate  of  evaporation  from  a  free  surface  of 
water  not  infrequently  differs  largely  from  that  from  the  respective  kinds  of  soil. 

(8)  Free  surfaces  of  water  and  soils  that  are  continuously  saturated  evaporate 
into  the  atmosphere  on  the  average  more  water  under  otherwise  similar  circum- 
stances than  soils  whether  naked  or  covered  with  plants  and  whether  watered 
artificially  or  naturally.  Only  at  special  times,  viz,  when  the  influence  of  the 
factors  that  favor  evaporation  is  most  intense,  when  the  plants  are  in  the  most 
active  period  of  growth,  and  when  the  soil  contains  a  large  percentage  of  water, 
can  the  land  that  is  covered  with  plants  show  larger  evaporating  power  than  the 
free  water  surface. 

(9)  When  a  soil  that  is  not  irrigated  is  covered  with  plants,  it  evaporates  a  far 
greater  quantity  of  moisture  than  when  the  surface  is  bare.  In  the  former  case 
the  evaporation  can  not  exceed  the  quantity  received  by  the  soil  from  the  atmos- 
phere before  or  during  the  x)eriod  of  growth.  Swampy  lands  and  those  that  are 
well  irrigated,  as  also  free  surfaces  of  water,  can,  under  circumstances  favorable 
to  evaporation,  sometimes  give  to  the  atmosphere  a  greater  quantity  of  water  than 
corresponds  to  the  precipitation  that  occurs  during  the  same  time. 

(10)  The  evaporating  power  of  the  soil  is,  in  itself,  dependent  upon  its  own 
physical  properties;  the  less  its  i)ermeability  for  water,  or  the  larger  its  capacity 
for  water  and  the  easier  it  is  able  to  restore  by  capillarity  the  moisture  that  has 
been  lost,  by  so  much  the  more  intensive  is  the  evaporation.  For  this  reason  the 
quantity  evaporated  increases  with  the  percentage  of  clay  and  humus  in  the  soil, 
whereas  it  diminishes  in  proportion  as  the  soil  is  richer  in  sandy  and  coarse-grained 
materials. 

(11)  Soil  that  is  covered  with  plants  loses  by  evaporation  so  much  more  water 
in  proportion  as  the  plants  are  better  developed,  or  stand  thicker  together,  or  have 
a  longer  period  of  vegetation,  and  vice  versa. 
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'  In  the  above  summary  Dr.  Wollny  touches  upon  various  phases  of 
evaporation  which  have  an  important  bearing  on  Western  irrigation. 
At  present  there  is  little  data  to  enable  us  to  compare  intelligently 
the  results  obtained  in  Germany  with  those  in  this  country.  How- 
ever, some  of  the  Agricultural  Experiment  Stations  are  taking  up  this 
work,  and  in  a  few  years  we  may  hope  to  know  much  more  of  the 
behavior  of  soil  moisture  and  ground  waters  and  their  relation  to  plant 
life.  The  main  object  to  be  attained  in  the  artificial  application  of 
water  to  soil  is  to  develop  plant  life,  and  as  this  can  be  accomplished 
only  by  creating  a  moist  soil  and  subsoil,  it  is  necessarj-  that  we 
endeavor  to  ascertain  the  greatest  possible  percent^ige  of  the  total 
precipitation  that  can  be  used  for  this  purpose.  In  this  State  evap- 
oration from  both  water  and  land  surfaces  must  be  regarded  as  one 
of  the  chief  sources  of  waste,  and  as  such  deserving  of  careful  study. 

TRANSPIRATION. 

In  arid  America  agricultural  products  are  ^Imost  entirely  depend- 
ent upon  the  water  supply.  As  a  rule,  the  soil  is  fertile,  containing 
in  abundance  the  elements  necessary  for  the  development  of  plants; 
but  if  the  water  supply  be  either  deficient  or  applied  at  the  wrong 
time,  a  partial  growth  will  result.  The  portions  of  a  wheat  field  that 
are  missed  at  the  first  irrigation  seldom  yield  one-third  of  a  crop. 
These  dry  places  may  be  irrigated  subsequently,  but  the  second  water- 
ing can  not  restore  the  shrunken  cellular  tissues  nor  the  last  vigor. 
The  skilled  horticulturist  has  learned  by  experience  and  obser>^ation 
how  and  when  to  irrigate  his  fruit  trees.  Wlien  the  trees  are  young, 
water  is  conveyed  in  two  furrows  only,  one  on  each  side  the  row  of 
trees  and  at  some  little  distance  beyond  the  farthest  roots.  As  the 
tree  grows,  the  roots  thrust  themselves  farther  into  the  soil,  ])ut  chiefly 
in  the  direction  of  the  water  supplj',  and  in  the  following  season  the 
two  furrows  may  be  increased  to  four,  until  finally,  in  well-matured 
trees,  all  the  space  of  20  feet  or  more  between  the  rows  is  thoroughly 
watered.  By  such  a  method  water  is  not  only  provided  for  the  soil, 
but  is  applied  in  such  a  way  as  to  lead  out  the  roots  in  quest  of 
moisture  and  food. 

Much  has  been  written  recently  on  subirrigation,  and  many  agri- 
cultural experiment  stations  have  gone  so  far  as  to  pronounce  this 
method  superior  to  all  others.  By  it  water  is  conveyed  through  pipes 
buried  in  the  ground  and  is  discharged  through  a  large  number  of 
small  holes  located  opposite  each  tree.  This  mode  of  irrigation 
has  not  been  successful.  In  the  first  place,  it  is  an  impossibility 
to  cause  water  to  discharge  equally  through  so  many  orifices;  and  in 
the  second  place,  the  water  is  deposited  at  particular  points  in  the 
soil,  around  which  the  roots  of  plants  are  sooner  or  later  massed.  The 
few  advantages  to  be  gained  by  applying  the  water  beneath  the  sur- 
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face  can  not  be  compared  to  the  disadvantages  due  to  the  difficulties 
in  the  way  of  its  distribution  and  to  the  concentration  of  the  roots  at 
particular  places. 

The  injurious  effects  upon  vegetation  caused  by  either  too  little 
water  or  too  much  are  clearly  illustrated  by  the  results  of  experiments 
made  by  Dr.  E.  Wollny^  on  summer  rape,  as  given  in  the  following 
table.  In  this,  the  first  column  gives  the  per  cent  of  water  in  the  soil 
as  compared  to  the  total  water-holding  capacity.  The  second  column 
gives  the  number  of  pods  produced,  and  the  following  columns  give 
the  weight  of  the  various  parts: 

Effect  of  excess  and  deficiency  of  moisture. 


Per  cent  of 
water  in 
the  soil. 


Number  of 
pods. 


Weight  of  plants  air-dried. 


Seed,  in 
grtmxs. 


Straw,  in 
grams. 


Chaff,  in 
grams. 


10 

43 

1.4 

2.8 

1.4 

20 

61 

2.4 

4.4 

2.6 

40 

142 

6.9 

10.4 

6.7 

60 

97 

4.3 

8.1 

4.4 

80 

95 

3.9 

7.3 

3.9 

100 

19 

0.3 

2.0 

0.6 

Total,  in 
grams. 


5.6 

9.7 

24.0 

16.8 

15.1 

2.9 


111  growing  plants  in  pots  it  is  possible  to  apply  just  the  right  amount 
of  moisture,  but  on  the  irrigated  field  it  is  somewhat  different.  At 
each  watering  the  ground  is  for  a  time  nearly  saturated.  Part  of 
this  excess  water  is  soon  evaporated,  either  from  the  ground  or  indi- 
rectly through  the  foliage.  Another  part  sinks  into  the  subsoil,  and 
the  remainder  keeps  the  soil  moist.  If  this  soil  moisture  can  be 
maintained  in  the  right  proportion,  or,  in  other  words,  if  the  amount 
drawn  from  the  subsoil  by  capillarity  equals  the  loss  by  evapora- 
tion until  the  next  watering,  the  crop  will  grow  under  the  most 
favorable  conditions  as  regards  moisture.  If  too  little  water  is 
applied  to  the  surface  and  the  subsoil  water  for  some  cause  is  inacces- 
sible, the  crop  will  suffer  and  become  more  or  less  dwarfed.  On  the 
other  hand,  too  much  water  may  keep  the  soil  near  the  extreme  of 
complete  saturation  and  produce  upon  vegetation  as  harmful  effects 
as  too  dry  a  soil.  A  cubic  foot  of  average  soil  when  thoroughly  sat- 
urated will  contain  from  25  to  30  pounds  of  water.  According  to 
WoUny's  experiment,  the  best  results  were  obtained  on  summer  rape 
when  about  40  per  cent  of  the  empty  space  in  the  soil  was  filled,  which 
would  be  equivalent  to  from  10  to  12  pounds  of  water  in' every  cubic 
foot  of  soil. 

We  may  thus  classify  productive  soils  under  three  heads  in  relation 


'  Experiment  Station  Re-cord,  Vol.  IV,  p.  533. 
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to  the  i)ercentage  of  moisture  which  each  contains,  viz,  as  dry  soils, 
moist  soils,  and  wet  soils.  It  may  also  be  said  that  in  each  of  these 
classes  the  amount  of  water  drawn  up  by  the  roots  and  transpired  by 
the  leaves  differs.  The  magnitude  of  thLs  transpiration  of  vapor 
through  the  foliage  of  plants  has  been  investigated  by  Messrs.  King, 
WoUny,  Ilellriegel,  and  others,  the  results  of  whose  labors  are  briefly 
summarized  in  the  following  tables: 

Amoiint  of  tvater  required  for  a  pound  of  dry  matter  in  Wisconsin,^ 


Crop. 


Barley  _ 
Do. 

Oats  ... 
Do. 

Corn 

Do. 

Clover  - 

Pease  . . 


Year. 

Water  per 

I)ound  of 

dry  matter. 

Yield  per 

acre, 
pounds. 

1891 

402 

7,441 

1892 

375 

14,196 

1891 

501 

8.861 

1892 

525 

8,189 

1891 

301 

19,845 

1892 

316 

19,184 

1892 

564 

12,486 

1892 

477 

8,017 

Water  per 

acre, 

inches. 


13 
23 
20 
19 
26 


25 


30 
17 


Batio  of  UHiter  evaporated  to  umght  of  crop  harvested,  as  shown  by  experimenU 

of  Hellriegel  and  Wollny,^ 


Crop  (Hellriegel). 

Water 
evaporated. 

Crop  (Wollny). 

Water 
evaporated. 

Horse  beans 

Pease 

262 
292 
310 
330 
359 
371 

Maize 

2as 

416 
447 
490 
646 
665 
774 
843 
912 

Millet .,.. 

Barley  . , . .  _ 

Pease 

Clover 

Spring  wheat 

Buckwheat- 

Sunflower 

Buckwheat 

Oats 

1 

Lupine 373 

Spring  rye 377 

Oats 402 

Barley 

Mustard 

Rape. 

According  to  Hellriegel,  as  shown  by  the  above  table,  330  tons  of 
water  would  be  absorbed  by  the  roots  of  clover,  drawn  up  through 
the  stems,  and  evaporated  from  the  breathing  pores  of  the  leaves,  for 
each  ton  of  clover  harvested.  If  the  jield  be  estimated  at  3  tons  per 
acre,  the  quantity  of  water  per  acre  is  9J)0  tons,  or  a  volume  suflScient 
to  cover  the  surface  to  a  depth  of  nearly  9  inches.  So  far  as  has  been 
ascertained,  no  tests  have  been  made  in  the  Rocky  Mountain  region 

»F.  H.  Kine:,  Agricultural  Experiment  Station,  University  of  Wisconsin,  Ninth  Annoal  Report, 
1892,  p.  W. 
•-'  Department  of  Agriculture,  Exi>oriment  Station  Record,  Vol.  IV,  p.  5.32. 
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of  the  amount  of  water  actually  consumed  by  the  various  agricultural 
crops  between  the  time  of  germination  and  the  harvest,  but  observed 
facts  seem  to  indicate  that  this  amount  varies  with  the  conditions  of 
soil  moisture. 

In  sections  of  northern  Utah,  where  water  can  not  be  readily  or 
cheaply  conveyed  to  irrigate  the  land,  the  fields  are  usually  sown  in 
wheat  and  cultivated  *'dry,"  the  annual  yield  being  from  12  to  25 
bushels  per  acre.  During  the  period  of  growth  the  rainfall  is  occa- 
sionally less  than  1  inch,  and  the  soil  and  subsoil  apparently  are  very 
dry.  If  the  quantity  of  water  consumed  by  the  wheat  was  even  one- 
third  of  that  given  by  Prof.  F.  H.  King  for  barley  and  oats,  which 
averaged  a  depth  of  nearly  10  inches  over  the  entire  surface  culti- 
vated, it  is  difl&cult  to  conjecture  where  the  supply  could  come  from. 

On  irrigated  lands  the  case  is  quite  different.  The  proper  amount 
of  moisture  is  maintained  in  the  soil,  the  plant  is  kept  in  a  healthy, 
vigorous  condition,  and  the  normal  amount  of  water  passes  through 
its  tissues,  bearing  the  necessary  mineral  food  furnished  by  the  soil. 
It  is  not  unusual  to  irrigate  alfalfa  every  other  week,  and  to  spread 
an  amount  of  water  over  the  surface  during  its  period  of  growth  suffi- 
cient to  cover  the  ground  to  a  depth  of  6  feet.  A  part  of  the  water 
used  in  irrigating  usually  sinks  into  the  subsoil  and  flows  off  as  seep- 
age water,  a  second  part  is  evaporated,  and  the  third  part,  possibly 
one-third  of  the  whole  supply,  passes  through  the  tissues  of  the  plant 
and  is  mostly  transformed  into  vapor  at  the  leaves. 

The  sagebrush  and  grasses  indigenous  to  the  uncultivated  lands 
of  the  Rockj^  Mountain  region  require  but  little  moisture  to  maintain 
their  slow  growth.  In  the  vicinity  of  Corinne,  Boxelder  County, 
Utah,  the  average  annual  rainfall  for  the  past  twenty-five  years  has 
l)een  less  than  12  (11.73)  inches.  Little  snow  remains  for  any  length 
of  time  on  the  ground;  the  evaporation  in  summer  is  excessive  on  all 
moist  ground  and  water  surf  aces ;  and  yet  sagebrush  flourishes,  grow- 
ing to  a  height  of  from  3  to  5  feet.  If  we  deduct  from  the  total  yearly 
precipitation  the  probable  amount  of  moisture  evaporated,  very  little 
will  remain  for  the  use  of  the  plants.  It  is  possible  that  the  total 
quantity  of  water  absorbed  by  the  roots  of  the  plants  that  grow  on 
uncultivated  lands  and  transpired  by  their  foliage  does  not  exceed 
one-tenth  of  the  annual  precipitation,  which  in  this  State  would  be 
about  li  inches  over  the  surface  of  unreclaimed  arable  lands.  On  the 
preceding  estimates,  based  on  observed  facts,  we  may  therefore  con- 
clude that  in  this  State  the  amount  of  water  evaporated  from  the  foli- 
age of  plants  ranges  from  a  surface  depth  of  1  inch  for  buffalo  grass 
and  sagebrush  to  a  surface  depth  of  20  inches  for  well-irrigated  alfalfa. 

CACHE    VAIiliEY. 

This  beautiful  valley  is  nearly  surrounded  by  mountains.  A  spur 
of  the  Wasatch  Range  forms  the  elevated  divide  between  it  and  Bear 
Lake  Valley,  in  Rich  C^ounty,  to  the  east,  and  another  spur  of  the 
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same  range  forms  the  lower  divide  between  it  and  Great  Salt  Lake 
and  Malad  River  valleys  to  the  west.  The  average  elevation  of  the 
cultivated  portion  of  the  valley  is  about  4,500  feet.  Its  length  from 
north  to  south  varies  from  40  to  50  miles,  and  its  width  from  east  to 
west  from  10  to  15  miles. 

The  first  white  men  who  wintered  in  the  valley  were  the  Garr 
brothers.  They  were  engaged  by  the  authorities  of  the  Mormon 
Church  during  the  winter  of  1855-56  to  look  after  the  range  cattleowned 
by  that  church,  and  they  built  a  rude  log  hut  in  the  vicinity  of  what 
is  now  the  church  farm.  In  the  summer  of  1858  several  families 
from  Brigham  reached  the  valley  through  Boxelder  Canyon  and 
made  a  permanent  settlement  in  what  is  now  Wellsville. 

According  to  the  latest  report  of  the  Utah  statistician,  the  popula- 
tion of  Cache  County  in  March  of  1895  was  18,286.  The  principal 
towns  and  cities  in  the  order  of  population  are:  Hyde  Park,  647 
inhabitants;  Providence,  944;  Lewiston,  969;  Richmond,  1,295; 
Wellsville,  1,390;  Smithfield,  1,448;  I^gan,  5,756;  total,  14,249. 

Cache  County  contains  an  area  of  697,600  acres,  of  which  30,923^ 
acres  were  irrigated  in  1889,  and  38,430  ^  acres  in  1894.  From  infor- 
mation collected  during  the  past  season,  supplemented  by  the  records 
obtained  by  C.  D.  W.  Fullmer,  county  statistician,  the  following  table 
has  been  prepared,  giving  the  approximate  number  of  acres  irrigated 
for  each  kind  of  crop  in  1896. 

Approximate  area  irrigated  in  JSfHj. 

Acres. 

Cereals 20. 000 

Lucem,  hay,  etc ._ _ 15,000 

Potatoes,  beets,  etc .._ 1,500 

Fruit  trees 1,200 

Small  fruits 25 

Other  products 900 

Total. 38,625 

The  water  utilized  in  irrigating  tlie  southern  end  of  the  valley  is 
diverted  chiefly  from  New  Canyon,  Little  Bear,  and  Blacksmith  Fork 
streams.  Logan  River,  with  Summit,  High,  and  Clarkson  creeks,  fur- 
nish the  supply  for  the  middle  portion.  Cub  and  Weston  creeks  are 
the  chief  sources  of  supply  for  the  northern  portion.  Surveys  for  irri- 
gating canals  have  been  made  to  divert  water  from  Bear  River,  in 
Cache  Valley,  but  owing  to  the  lengths  of  the  proposed  canals  and 
the  cost  of  construction,  none  has  yet  been  built. 

The  soil  in  the  cultivated  portions  of  the  southern  end  of  the  valley, 
and  particularly  in  the  vicinity  of  the  towns  of  Paradise,  H^Tum,  and 
Millville,  consists  for  the  most  part  of  a  rich,  black,  clayey  loam.  In 
the  western  part  clay,  with  occasional  patches  of  alkali,  predominates. 

'  EleveDth  Census,  Agrriculture  by  Irrigation,  F.  H.  Newell. 
2  First  Triennial  Report  of  the  Bureau  of  Statiaties  of  Utah. 
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The  soil  in  the  northern  and  northwestern  portion  of  the  valley  varies 
:rom  coarse  gravel  to  fine  sand  and  clay.  On  the  whole,  it  may  be 
lesignated  as  a  soil  well  adapted  for  the  production  of  wheat. 


LOGAN  RIVER. 


The  greater  part  of  the  drainage  basin  of  Logan  River  lies  in  the 
nountain  range  east  of  Cache  Valley.  The  main  source  of  the  stream 
s  quite  small,  and  heads  high  on  the  range  about  40  miles  within  the 
mountains;  but  as  it  flows  down  a  steep  channel  toward  the  west  its 
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Fio.  4.— Diagram  showing  appropriated  and  unappropriated  waters  of  Logan  River. 

sv^aters  mingle  wuth  those  from  Temple  Fork,  Boss  Canyon  Creek, 
:>pring  Creek,  Ricks  Spring,  and  Right  Hand  Fork  Creek,  which, 
ivhen  united,  form  one  of  the  most  important  rivers  in  the  State. 
From  its  head  waters  to  where  it  unites  with  Bear  River  is  some  50 
miles,  only  10  of  which  lie  outside  rugged  canyons. 

About  the  1st  of  June,  1890,  a  permanent  gaging  station  was  estab- 
ished  on  this  river  a  short  distance  below  the  mouth  of  the  canyon 
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and  above  all  the  canals  save  one,  the  Logan,  Hyde  Park  and  Smith- 
field.  From  daily  river-height  observations  and  several  current  meiei 
measurements  the  flow  has  been  accurately  determined  throughout 
the  season.  The  waters  used  for  beneficial  purjKJses  have  also  been 
determined  by  a  series  of  measurements  of  each  canal,  and  both 
results  are  represented  graphically  in  fig.  4.  The  aggregate  volume 
of  all  the  canals  is  nearly  200  second-feet;  and  as  the  discharge  of  the 
river  at  the  mouth  of  Logan  Canyon  during  a  dry  season  may  be 
less  than  that  amount,  the  apparent  large  surplus  of  last  summer, 
which  averaged  during  the  month  of  August,  1896,  222  second-feet, 
is  not  to  be  depended  upon. 

Irrigating  canals  diverting  tcater  from  Logan  River, 


Name  of  canal  or  ditch. 


June. 


d 
Q 


Logan,  Hyde  Park,  and  Smithfleld 

Canal 12 

Logan  and  Richmond  Canal 12 

Providence  Canal 12 

Logan,  Hyde  Park,  and  Thatcher  | 

Canal .   12 

Nursery  Canal 

Logan  and  Benson  Ward  Canal  —    12 
West  Field  or  Little  Ditch 


Dis- 
charge in 
sec.  ft. 


34.5 

60.4 

5.4 

a  48. 9 


a25.0 


July. 


21 
21 
21 

21 
21 
21 
21 


Dis- 
charge in 


47.5 
60.1 

8.2 

♦27.0 

2.4 

23.9 

11.6 


August. 

September. 

& 

Dis- 
charge in 
sec.  ft. 

5 

5 

Dis- 
charge Id 
sec.  ft 

81 

30.1 
50.1 

31 

1 

5.2 

31 

27.5 

1 

0.7 

1 1 

19.3 

'  I        :.5 

1 
1 

a  Estimated. 

The  Logan,  Hyde  Park,  and  Smithfield  Canal  was  completed  in 
June,  1882.  Its  head  gate  is  located  about  li  miles  above  the  mouth 
of  the  canyon,  and  at  an  elevation  of  326  feet  above  the  business  cen- 
ter of  Logan  City.  In  July,  1892,  the  writer,  as  the  consulting  engi- 
neer of  the  city  coi-poration,  advised  the  abandonment  of  the  old 
source  of  8Ui)ply,  and  recommended  that  the  future  source  be  the 
Logan,  Hyde  Park,  and  Smithfield  Canal,  until  funds  were  available 
to  extend  the  conduit  to  the  river.  Logan  City  now  gets  its  domestic 
water  supply  from  that  canal,  and  owns  26^  per  cent  of  it^s  paid-np 
capital  stock.  The  canyon  portion  of  the  canal  was  never  properly 
constructed,  and  the  loss  through  leakage  is  very  great.  On  August 
31,  1893,  the  discharge  at  the  head  gates,  as  measured  by  the  writer, 
was  48  second-feet.  At  a  i^oint  7,000  feet  lower  down  the  volume  had 
been  decreased,  on  account  of  waste,  to  26.7  second-feet,  a  loss  of  21.3 
second-feet,  or  44:  per  cent  of  the  volume  diverted.  The  area  irri- 
gated since  1802  has  not  varied  to  any  appreciable  extent,  and  the 
following  table  gives  the  figures  for  the  three  preceding  years: 
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Area  irrigated  by  Logan,  Hyde  Park,  and  Smithfleld  Canal, 


Year. 


1890 
1891 
1892 


Farm  lands. 


Acres. 

2,184 
2,409 

2,785 


City  lots. 


Number. 
a63 
163 
169 


Totel. 


Acres. 
2,310 
2,735 
3,123 


a  A  city  lot  is  equivalent  to  2  acres  of  farm  land. 

The  Logan  and  Richmond  Irrigating  Company  was  organized  in 
November,  1864,  and  the  canal  was  built  in  1865-1867.  The  records 
of  the  company  show  that  the  land  irrigated  by  this  canal  in  1878  was 
1,400  acres  of  farm  lands  and  195  city  lots,  but  the  capacity  of  the 
canal  was  considerably  increased  in  1881,  and  more  lamd  was  reclaimed 
at  its  lower  terminus  in  the  vicinity  of  the  town  of  Smithfield.  The 
areas  irrigated  by  this  ciinal  in  1895  are  as  given  below: 

Area  irrigated  by  Logan  and  Richmond  Canal. 


Precinct. 


Logan  

Hyde  Park 
Smithfield. 

Total 


Farm  lands. 

City  lots. 

Total. 

Acres. 
897 
610 
1,240 

Number. 

• 

214 

50 

0 

Acres. 
1,325 
711 
1,239 

2,747 

264 

3,275 

Providence  Canal  is  the  only  irrigating  system  of  any  considerable 
size  which  diverts  water  from  the  south  or  left  bank  of  Logan  River. 
It  was  begun  in  1866,  but  owing  to  the  fact  that  the  locating  engineer 
set  pegs  on  an  ascending  grade  from  the  proposed  place  of  diversion, 
and  the  water  would  not  flow  uphill,  the  enterprise  was  abandoned 
until  1883,  when  the  necessarj^  changes  in  the  elevations  were  made 
and  the  canal  completed.  The  cost  of  maintenance  has  always  been 
high,  owing  to  faulty  location  and  steep  hillsides,  averaging  about 
$250  per  annum,  and  the  area  irrigated  since  1883  has  not  varied  far 
from  300  acres. 

Logan,  Hyde  Park,  and  Thatcher  Canal  was  begun  in  the  spring  of 
1860.  It  is  the  oldest  in  Cache  Valley,  and  was  the  first  to  divert 
water  from  Bear  River  or  its  tributaries.  The  primary  object  held  in 
view  by  the  original  projectors  was  to  irrigate  wheat  lands,  but  several 
mill  owners  obtained  permission  to  widen  the  canal  sufficiently  to 
furnish  them  with  a  supply  for  power  purposes.  A  portion  of  the 
flow  has  been  so  employed  ever  since,  but  the  tail  water  from  the  mills 
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is  nearly  all  subsequently  used  in  imgation.  The  canal  branches  at 
Sixth  street,  the  upper  branch  extending  to  Hyde  Park,  the  lower  to 
a  jKjrtion  of  Logan  City.  The  acreage  irrigated  in  1860  was  about  700 
acres,  and  there  has  been  a  nearly  uniform  increase  from  that  time  to 
the  present.  Of  late  years  the  total  number  of  acres  irrigated  by  both 
branches  of  the  canal  has  averaged  about  2,115,  of  which  1,215  acres 
are  located  in  Hyde  Park  and  the  remainder  in  Logan. 

Logan  and  Benson  Ward  Canal  has  its  hejidgates  near  the  business 
center  of  Logan.  The  date  of  its  water  appropriation  extends  back 
to  1861.  The  extent  of  land  at  present  irrigated  by  this  canal  includes 
856  acres  in  Benson  Ward  and  2,150  acres  in  Logan  precinct. 

West  Field,  or  Little  Ditch,  takes  its  supply  f i*om  the  tailraces  of 
the  mills  and  from  Logan  River  at  the  city  park.  The  first  branch 
was  made  in  the  spring  of  1860.  The  ditch  flows  into  Spring  Creek 
pond  and  receives  a  portion  of  its  supply  from  this  last  source.  The 
area  irrigated  in  late  years  is  1,100  acres. 

The  average  combined  capacity  of  the  6  canals  enumerated  above 
was,  for  June,  1896,  188.8  second-feet;  for  July,  183.3  second-feet;  for 
August,  157.6  second-feet;  and  for  September,  131.5  second-feet. 
Comparing  this  with  the  aggregate  area  irrigated — 12,920  acres— it 
appears  that  the  duty  of  water  per  second-foot  in  June  was  68.4  acres; 
in  July,  70.4  acres;  in  August,  81.9  acres;  and  in  September,  98.3 
acres. 

BLACKSMITH  FORK  RIVER. 

This  stream  rises  in  a  range  of  the  Wasatch  Mountains  which  sepa- 
rates Cache  Valley  from  Rich  County,  flows  in  a  northwesterly  direc- 
tion, and  empties  into  Logan  River.  Its  total  length  is  about  35 
miles.  The  average  depth  of  compacted  snow  near  the  sources  of  this 
stream  in  February  and  March  is  about  4^  feet,  and  as  the  greater 
part  of  this  snow  melts  during  the  month  of  May  and  the  early  part 
of  June,  the  spring  floods  are  excessive  in  proportion  to  the  compara- 
tively small  area  drained. 

The  discharge  of  this  stream  at  a  point  a  short  distance  below  the 
mouth  of  Blacksmith  Fork  Canyon  from  June  15  to  September  15, 
1896,  and  the  combined  flow  of  all  the  irrigating  canals  diverting 
water  therefrom  are  represented  graphically  in  fig  5.  The  maximum 
volume  of  water  appropriated  and  utilized  is  therein  shown  to  be  180 
second-feet,  while  the  discharge  of  the  stream  may  be  said,  if  we 
except  a  few  days  in  September,  not  to  fall  below  that  amount  during 
the  irrigating  period. 

As  shown  by  the  following  table,  six  canals  divert  water  from  this 
source  and  vary  in  carrying  capacity  from  4  to  70  second-feet.  The 
Ilyrum  Canal  is  the  largest  and  is  divided  near  its  head  gates,  the 
upper  branch  supplying  water  to  a  poi-tion  of  Hyrum  City,  and  the 
lower  being  used  on  the  fields  adjacent  to  Millville.     Solveson  &  Co.'s 
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ditch  is  one  of  small  capacity,  and  waters  the  lands  on  the  river  bot- 
toms. The  remaining  four  canals  extend  to  the  town  of  Millville  and 
its  vicinity,  two  being  taken  out  on  the  east  side  of  the  river  and  two 
on  the  west. 
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Ficj.  5.— Diagram  showing  appropriated  and  unappropriated  waters  of  Blacksmith  Fork  River. 
Irrigating  cajials  diverting  water  from  Blaeksniith  Fork  River. 


Name  of  canal  or  ditch. 

4 

June. 

July. 

Dis- 
charge in 
sec.  ft. 

0.8 

17  4 

6:3.6 
51.7 
16.4 
13.5 

A 

Q 
5 

lUgUSt. 

Dis- 
charge in 
sec.  ft. 

Sei 

*•> 

Q 

)temljer.  ' 

1 

5 

a 

18 

fl8 
\29 

18 

18 

Dis- 
charge in 

3.9 

27.8 
32.9 

48.7 

70.6 

Q 
9 

}io 

10 

10 

9 

9 

Dis- 
charge in 
sec.  ft. 

Solverson  &  Co. 's  ditch 

15 

Dry. 

No.  1  c&nal 

4   '            •>•>  K 

15 

15 
15 
15 
15 

4.3 

22.8 

11.2 

3.4 

Hyrum  canal.- 

No.  3  canal 

No.  2  canal 

65.9 

26.1 

6.7 

1.1 

No.  4  canal 

Dry. 

LITTLE  BEAR  RIVER. 

Little  Bear  River,  Little  Muddy  River,  or  Boxelder  Creek,  as  it  is 

variously  termed,  is  a  tributary  of  Logan  River.     It  is  formed  by  two 

main  streams  which  unite  near  the  town  of  Paradise,  in  the  southern 
IBB  7 3 
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part  of  the  valley.  One  of  these  tributaries  is  called  the  East  Fork 
of  Little  Bear  River,  and  has  a  total  length  from  its  head  waters  to  its 
mouth  in  Logan  River  of  33  miles.  The  general  trend  of  its  course 
within  the  mountains  is  easterly,  but  after  joining  the  South  Fork  the 


June.  1896. 


July,  1896. 


Au§rast,  1886. 
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Fio.  6.-^Diagram  showing  appropriated  and  unappropriated  waters  of  Soath  Fork  of  Little 
Bear  River. 

combined  waters  flow  in  a  northerly  direction  to  Logan  River.  The 
South  Fork  is  fed  by  numerous  springs  and  rivulets  which  flow  from 
the  south  side  of  the  divide  lying  between  Cache  Valley  and  Ogden 
Valley,  and  its  greatest  length  from  its  source  to  its  confluence  with 
the  East  Fork  is  10  miles.     The  following  table  gives  the  names  and 
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Fia.  7.— Diagram  showing  appropriated  and  unappropriated  waters  of  East  Fork  of  Little 
Bear  Biver. 

the  capacities  at  stated  periods  of  each  ditch  or  canal  diverting  water 
from  Little  Bear  River  and  its  tributaries.  A  glance  at  figs.  6  and  7 
shows  that  the  waters  of  both  forks  were  nearly  all  utilized  during 
the  past  season. 
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In  this  portion  of  the  valley  the  gain  due  to  seepage  waters  from 
rrigated  areas  and  from  the  adjacent  bench  lands  is  of  considerable 
iralue  to  the  inhabitants  of  Wellsville.  On  July  15,  1896,  the  flow  in 
ihe  South  Fork  was  61  second-feet.  On  the  same  date  Hyrum 
Danal  was  diverting  55  second-feet,  and  a  surplus  of  24  second-feet 
*emained  in  the  river.  These  figures  show  a  gain  from  seepage  and 
leep-seated  springs  of  43  second-feet.  Subsequently  the  springs 
^ere  measured  and  aggregated  nearly  20  second-feet,  thus  leaving  a 
balance  of  23  second-feet  of  seepage  waters. 

Irrigating  catials  diverting  water  from  Little  Bear  River, 


Name  of  canal  or  ditch. 


From  Eiist  Fork. 

Jackson  Snrplas  Ditch 

Frank  Law  Ditch 

Facer  Ditch 

Paradise  Irrigation  and  Reservoir 
Company^B  Canal 

From  South  Fork. 


Nichols  Ditch 

Davis  &  Co/s  Ditch 

Hyrum  Canal 

From  main  stream. 

Sonth  Field  Ditch 

Paradise  Hollow  Ditch 

Miller  Ditch 

Wellsville  East  Field  Ditch. 


Jane. 


19 
19 
19 

19 


Dis- 
charge in 

sec.  I  w. 


3 

1.6 

6.8 

50.2 


July. 


c8 


10 
10 
10 

10 

11 
11 
11 


11 

14 
14 
14 


Dis- 
charge in 
sec.  ft. 


2.3 

Dry. 

1.1 

47.2 


Dry. 

Dry. 

57.4 


2.7 
2.5 

2.8 
26.1 


August. 


6 


6 
6 


6 


6 
7 

t 


Dis- 
charge in 
sec  Xv* 


Dry. 


Dry. 


36.1 


40.1 


Dry. 
2 

1.4 
4.9 


September. 


i 

Q 


Dis- 
charge in 
sec*  Zv. 


15 


15 


15 
15 
12 


22.5 


12.8 


Dry. 

Dry. 

2.6 


CUB  RIVER. 

Cub  River,  the  main  source  of  supply  for  the  northern  portion  of 
Cache  Valley,  rises  in  Idaho,  flows  in  a  southwesterly  direction  for  a 
distance  of  28  miles,  and  empties  into  Bear  River.  The  six  ditches 
which  head  on  this  stream  were  each  measured  three  times  last  sum- 
mer, with  results  as  stated  in  the  following  table.  The  highest  is  the 
Cub  River  and  Worm  Creek  Irrigation  Company's  canal,  which  sup- 
plies with  water  the  town  of  Preston,  Idaho.  It  is  taken  out  on  the 
north  side  of  the  river,  and  conveyed  through  a  pass  in  the  ridge 
into  Worm  Creek  channel,  which  is  used  to  convey  the  canal  water 
to  a  lower  elevation,  where  it  is  again  diverted  into  several  ditches 
that  distribute  irrigating  water  to  the  various  precincts  gf  Preston. 
The  next  canal  of  any  considerable  importance  is  that  of  the  Cub 
River  and  Middle  Ditch  Irrigation  Company,  which  on  June  25 
carried  50.7  second-feet.     By  far  the  largest  canal  on  this  stream 
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was  bogiui  in  180O,  for  the  purpose  of  watering  l)ench  lands  located 
noi-th  of  Franklin,  on  the  right  bank  of  Cub  River.  Owing,  however, 
to  a  grave  error  in  the  grade,  the  project  was  temporarily  abandoned, 
and  it  was  not  until  after  the  settlement  of  Lewiston  that  a  resiirvev 
was  made  and  the  canal  completed.  It  is  now  known  as  the  Lewiston 
Ditch,  or  canal.  The  lowest  canal,  but  the  fii-st  to  divert  water  from 
Cub  River,  if  one  excepts  the  Perkins  Ditch,  which  is  now  practically 
abandoned,  is  the  Franklin  City  Ditch,  which  was  built  in  1804  by 
Messrs.  Parkinson,  Smart,  Woodward,  and  othei-s. 

The  accompanying  diagram  (fig.  8)  showing  the  appropriated  and 
unappropriated  watei's  of  Cub  River,  indicates  a  large  surplus  during 
the  months  of  June,  but  after  Julv  10  the  flow  is  nearlv  all  utilized  bv 
the  various  canals. 
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Fio.  8.— Diagram  showing  appropriated  and  unappropriated  waters  of  Cub  River. 
Irrigating  cmiah  dmrtitig  water  from  Cub  River  in  Oneida  County,  Idaho. 


June. 


Julv. 


August.        Sept«mber. 


Name  of  canal  or  ditch. 


Dis-     I   ^.         Dis      I    .        Di.H-  .  i      Dis- 

2    charge  in   z    charge  in   S   charge  in   B   chai^in 


e8 
Q 


sec.  ft. 


^      sec.  ft. 


5  i  sec.  ft.   ;  $ 

M  i  O 


sec.  ft. 


Cub  River  and  Worm  Creek  Irri- 
gation Company's  canal 25 

Morehcad,  Taylor,  and  Kent  Ditch . !  25 
Cub  River  and  Middle  Ditch  Irri- 
gation Company's  canal 25 


42. 5     27 

4.8     2t) 


Taylor  ditch 

Lewiston  ditx;h 

Franklin  City  ditch. 


25 
25 
26 


50.7 

Dry. 

122.1 

5.6 


27 


«2i 


27 
28 


31  8 

< 

•• 

15 

15  9 

m 
4 

«  1 

M.    1 

i 

61.0 
2.4 


8.4 
Dry. 

12.0 
Dry. 

30.2 
Dry. 
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HIGH  CREEK. 

High  Creek  is  a  tributary  of  Cub  River.  It  rises  near  the  bound- 
ary line  between  Utah  and  Idaho  and  flows  in  a  southwest  course 
for  a  distance  of  about  0  miles.  Numerous  ditches,  as  may  be  seen 
by  the  following  table,  take  water  from  this  comparatively  small 
stream,  but,  with  the  exception  of  the  two  Richmond  canals,  their 
discharges  during  July  and  August  are  small.  The  Richmond  Irri- 
gation Canal,  increased  by  a  portion  of  the  flow  from  Cherry  Creek, 
waters  the  sloping  bench  lands  lying  between  High  Creek  and  Rich- 
mond. This  canal,  when  augmented  by  the  flow  from  City  Creek, 
also  furnishes  water  for  the  upper  portion  of  the  town  of  Richmond. 
The  lower  portion  of  this  town  and  the  farm  lands  adjacent  thereto 
are  watered  bv  the  Richmond  Citv  Canal. 


Irrigating  canals  diverting  uxiterfroni  High  Creek^  in  Cache  County,  Utah, 


June. 


B    charge  in 
8ec.  ft. 


Williams  and  Derney  Ditch 38 

Upper  High  Bair  Ditch '  28 

Upper  Cove ville  Ditch 28 

Richmond   Irrigation  Comxmny's  j 

Canal 28 

Williams  Bros.,  Eckelson  and  Day  i 

Ditch j  28 

Norman  Day  Ditch 2B 

Richmond  City  or  Irrigation  Canal'  28 

Two  Eleventh  Ditch ,  28 

Lower  Coveville  Ditch 28 

J.  Bright  Ditch 28 


1.3 
2.9 

7.8 

43.2 

3.6 

0.7 

25.  ."i 

8.7 
0.8 
8.0 


July. 


s 

eS 


29 
29 
2l» 

29 

29 
29 
29 
29 
29 
29 


Dis- 
charge in 
sec.  ft. 


Dry. 
Dry. 
Dry 


I 


2.5 


Dry 

Dry. 

16.4 

0  9 

12 

2.8 


August. 


s 


Dis- 
charge in 
sec.  ft. 


September. 


9 


Dis- 
charge in 
sec.  ft. 


9 
9 
9 

9 


1.0 


3.8 
1  0 
2.1 
0  6 
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SUMMIT  CREEK. 

Summit  Creek  has  its  source  near  the  head  waters  of  Logan  River, 
and  after  flowing  in  a  southwesterly  course  for  a  distance  of  13  miles 
empties  into  Bear  River.  The  summer  flow  of  this  creek  is  diverted 
through  various  canals,  a  list  of  which  is  given  in  the  order  of  eleva- 
tion in  the  following  table,  and  is  used  to  irrigate  the  town  lots  of 
Smithfield  and  the  farm  lands  adjacent  thereto.  A  portion  of  the 
flow  is  first  used  for  mechanical  purposes,  but  is  subsequently  diverted 
for  irrigation  purposes. 

Irrigating  canals  diverting  tcaterfrom  Summit  and  Birch  creeks  in  CacheConnty, 

Utah. 


June. 


Name  of  canal  or  ditch. 


Roskelly  Ditch 
Peterson  Ditch . 


Dis 
S   charge  in 
$      sec.  ft. 


July. 


Surplus  Ditch 

Union  Milling  Company's  Ditch. 

Mack's  Old  Mill  Race  Ditch 

City  Ditch 

Morehead  Ditch 

Levy  Ditch 

Big  Ditch 


3 

3 
3 

31 

3 
31 

3 
31 

3 
31 

3 
31 

3 
31 

3 
31 


August. 


Dis- 
charge in   S 
sec.  ft.   !   * 


Dry. 

Dry. 
13.01 

3.9) 

s.ei 

11) 
U.ll 

6.  of 

i.oi 

0.3J 
0.7^ 
0.2J 

11. 9^ 
3.6J 

21.81 
6.7J 


Dis- 

charge  in 

sec.  ft 


September. 


5 

efi 
Q 


Dis- 
charge in 
sec.  ft 


10 
10 
10 
10 
10 
10 
10 


2.8 

0.8 

3.1 

0.2 

0.1 

1.6 

4.8 


i 
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MISCELLANEOUS  MEASUREMENTS. 


The  following  table  gives  the  results  of  measurements  made  of  the 
flow  of  canals  and  ditches  from  other  streams  within  Cache  Valley 
other  than  those  before  described : 

Results  of  measurements  of  irrigation  canals  and  ditches. 


Name  of  canal  or  ditch. 

June. 

July. 

August. 

September. 

9 

5 

Dis 

charge  in 

sec.  ft. 

Q 

Dis- 
charge in 
sec.  ft. 

12 
12 
12 

Dis- 
charge in 
sec.  ft. 

s 

Q 

3 
3 
3 

t 
i 

t 

9 
9 

8 

Dis- 
charge in 

From  CJarkston  Creek. 
Birch  Creek  ditch 

3.6 
19 
1.5 

3.0 
1.4 
2.0 

Dry. 

0.4 

Dry. 

1.1 
1.0 

Dry. 

Upper  Dam  ditch 

Lower  Dam  ditch 

From  Sugar  Creek^  Oneida  County, 
Idaho. 

Upper  Wheeler  ditch 

27 
27 
27 

30 
30 

28 

23H 
28 

28 

28 
28 
28 
28 

8 

0.2 
0.9 
0.9 

6.2 
0.9 

0.4 
Dry. 

1.0 
Dry. 

5.0 

2.9 

Dry. 

1.7 

0.7 
2.2 

10.6 
9.5 
6.7 
0.9 

2.6 
3.6 
2.3 
2.4 
2.5 
4.3 

Taylor  and  Perkins  ditch 

Lower  Wheeler  ditch , 

FYom  Cherry  Creek,  in  Cache 
County,  Utah. 

Upper  Cherry  ditch 

do 

30 

27 
27 

27 
2« 

20 
27 

10.7 
7.5 

0.3 
2.7 
0.4 

11.6 
1.7 

Cherry  Creek  Water  Section  canal. 

From  Maple  Creek  and  tributaries. 
Crooked  Creek  and  Deep  Canyon, 
in  Oneida  County,  Idaho. 

Crooked  Canyon  Creek  ditch 

J.  Chatterton  and  J.  Lowe  ditch. . . 
J.  Lowe  ditch 

8 

Dry. 

Silver  Point  ditch 

Maple    Creek  or    Franklin  City 
ditch 

8 
9 

3.1 
0.6 

Stalker  and  Woodward  ditch 

Woodward  ditch         ...     

20              3.5 

Stalker  and  Flack  ditch 

26 

4.6 

8 

4 
3 
3 
3 
4 
4 

Dry. 

0.4 

Dry. 

4.2 

6.8 
2.9 
0.2 

0.8 
1.6 
1.4 
2.1 
1.0 
3.0 

From  Spring  Creek^  at  Prmudence, 
in  Cache  County,  Utah, 

Bullock  ditch        

3 
3 
3 
3 
3 
3 

11 
11 
11 
11 
11 
11 

I.a 

3.9 

11.7 

3.5 

8.4 

Dry. 

1.4 
1.5 
1.8 
1.4 
1.0 
3.9 

Bear  ditch 

8 
8 
8 

South  Bench  ditch 

UpDer  ditch 

Town  ditch 

8 
8 

18 
18 
18 
18 
17 

A<^'*-f>mmodfttion  dit'^h  -  - 

From  Weston  Creek,  in  Oneida 
County,  Idaho. 

Lapray  and  Norton  and  Coburn 
ditches 

No.  1  ditch 

GeonTBon  ditch 

Weston  Town  ditch 

1 

Eastditch 

South  Field  ditch  . .      ..  

17 
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Smaller  creeks  and  springs  of  Cache  Valley  from  which  ivater  is  diverted  for 

irrigating  purposes. 


June. 


July. 


August.        September.       October. 


Name. 


Q 


Dis 

charge  in 

sec.  ft. 


27 
13 


0.9 
5.9 


Ml 


0.4 


4 
a 


1 
17 


16 


18 
28 
31 


9 

17 

15 

1 

28 


30 


1.3      29 


16 
38 


City  Creek  (Richmond) 
City  Creek  (Clarkston ) . 
Deep  Canyon  Creek 

(Mendon) 

Dry  Canyon  Creek 

(Avon) 

Dry  Creek  ( Weston ) 

Flat  Canyon  Creek 

Green  Canyon  Creek  . . . 
Hyrum   Dry   Canyon 

Creek 

Mill ville  Creek 

Myler  Creek 

New  Canyon  Creek 

Nebo  Creek 

Ox  Killer  Creek 

Pole  Canyon  Creek 

Spring  Creek    (Rich 

mond) 

Three  Mile  Creek 

Twin  Creek 

Worm  Creek... I  24 

Cobum  Spring 

Clayton  Spring — 15 

Doneet  al.  springs 

Gardner  Spring ' 15 

Gibson  etal.  springs ' ' ... 

Gitten  Spring I 16 

Garr  Spring : 9 

Graveyard  Spring — 16 

Hyrum    Field    Seepage 

springs 

Halverson  Spring 

J.  Stone  and   T.  Lowe 

Spring 

Mlllville   Creamery 

Spring 

Marks  et  al.  springs 

Michelsou  Spring 

Merrill  et  al.  springs 

New  Dam  Spring 15 

North  Field  Dam  Spring 

No.l 

North  Field  Dam  Spring  I        I 

No.2 ....| '  15 

Pond  Spring  (Mendon)..'....  | '  16 

Pond  Spring  (Logan) ' '... 

Rocky  Point  Spring I 1 !  16 


Dis- 
charge in 
sec.  ft. 


2  6 
0.9 

1.4 


9 


1 

12 
12 


0.5 
Dry. 
Dry. 


3.9 
0.3 
4.5 
0.6 
Dry. 


0.3 


1.1 
Dry. 


1.8 
.5.0 


Dis- 
charge in 
sec  ft. 


,.  I      Dis-         .  i     Dis- 
i!  ich&rgein  .2  charge  in 


e8 


Dry. 

0.8 

1.5 
0.8 


sec.  11. 


3 

11 

15 
15 


6 
4 

12 

8 

30 


6 


12 
13 


0.4 
4.3 
0.4 
4.9 
Dry. 


L5 


0.1 
L6 


8 
8 


1.9 
4.3 


15 

14 

3 

12 


9 
11 
11 


4 

12 


0.4  ,  13 

3.6  '    5 
0.6  '  13 


0.5 
3.2 

0.5 

10.2 


12 


12 
14 
11 


30 
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rcesoftcater  supply  in  Cache  Valley  not  used  in  irrigation  in  Cache  County. 


June.                July.               Augxist.        September. 

1 

Octoljer. 

Name  of  source. 

Dis- 
charge in 
sec.  ft. 

5 

25 

Dis- 
charge in 
sec.  ft. 

Date. 

Dis- 
charge in 
sec.  ft. 

S 

Dis 

charge  in 

sec.  ft. 

9 

Dis- 
charge in 
sec.  ft. 

^ar   River    at    Battle 
ZJreek 

23 

3,954.1 

1,187.2 
1,198.8 
1.197.9 

5 

872.6 
820.7 

Do 

25 
25 

28 

Do 

' 

>ringr  Creek  (Mendon). 
•ring  Creek  (Millville) . 
►ring  Creek  (Franklin) 

20 
27 

66.4 

.      '                                 '                  ' 

■        '                  '        ' 

23  i         14 

1                  1                                 ,1 

•  •  " 

RESULTS   OF   STREAM    MEASUREMENTS. 


ie,1896. 
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Fio.  9.— Diagram  of  water  supply  of  Cache  Valley,  exclusive  of  Bear  River. 

''or  purposes  of  comparison  some  of  the  results  of  the  stream  and 
lal  measurements  made  in  Cache  Valley  during  the  summer  of  1896 

summarized  in  the  diagrams  of  figs.  0  and  10.  Fig.  9  shows  the 
low,  outflow,  and  irrigating  waters  of  the  valley  exclusive  of  Bear 
rer,  while  fig.  10  includes  both  the  inflow  and  outflow  of  Bear  River. 

has  been  stated,  no  water  is  diverted  from  this  river  in  Cache 
Hey,  all  the  water  now  utilized  being  obtained  from  the  various 
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tributaries.  The  aggregate  discharge  of  all  these  tributaries,  includ- 
ing wells  and  springs,  is  shown  by  the  curved  line  termed  "inflow''  in 
fig.  9.  This  diagram  also  shows  the  total  amount  of  the  inflow  whicli 
was  used  for  irrigation  purposes  and  the  surplus  which  was  discharged 
into  Bear  River. 

It  will  be  seen  that  the  volume  used  for  iri'igation  on  any  one  day 
does  not  represent  the  difference  between  the  inflow  and  the  outflow 
on  the  same  day.     On  every  day  from  June  15  to  September  15, 1896, 


June,  1896. 


July.lWW. 


Augrn8t,1896. 


Sept.,  \m 


15      20      :25       30 


10       15       20       25       30 


10        15      20       25       30 
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3000 


1000 


Pig.  10.— Dlagrram  of  water  supply  of  Cache  Valley,  inclnsive  of  Bear  River. 

excepting  a  few  days  in  August,  there  was  a  gain  due  to  seepage 
waters.  This  gain  during  the  latter  half  of  June  averaged  a  contin- 
uous flow  of  500  second-feet,  or  18  per  cent  of  the  inflow,  but  it 
decreased  rapidly  until  the  20th  of  August,  when  it  began  to  increase 
gradually  to  September  15.  In  the  following  table  are  given,  in  cubic 
feetpersecond,  thevolume  flowing  intothe  valley.  Bear  River  excepted, 
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volume  diverted  for  irrigation,  and  the  outflow,  besides  the  average 
nthly  gain,  resulting  from  seepage  waters. 

Water  supply  of  Cache  Valley ,  exclusive  of  Bear  River,  in  second-feet. 


1880. 

June  15 

JnneaO 

June  25 

June  30 

July5 

July  10 

July  15 

July  20 

July25 

JulySO 

AngruBt5 

AugrnstlO 

Aniru8tl5 

August  20 

August  25 

Anfrust30 

Septembers 

September  10... 
September  15... 


Inflow. 


3.275.8 
3.006 
2.537  5 
2,107  8 
1,805.9 
1,511.4 
1,552.5 
1.341.3 
1,244  2 
1,234  4 

i,n8.2 

1,096.9 
098.6 
997  7 
938.4 
905.2 
813.2 
938.9 
864  6 


Irrigation. 

Outflow 

AverMre 

monthly 

gain  from 

seepage. 

1.163.1 

2,650 

1.162.9 
1,159  1 

2.029 
1.884 

^       500.4 

1,136 

1,739 

1,081.9 

1,149 

1.020  2 

849 

925  5 

860 

684 
674 

181  6 

755  6 

554 

731  9 

554 

632.2 

557 

573.4 

562 

547  5 

462 

34 

512.3 

417 

470.5 

438 

442.8 

553 

394.7 

508 

1 

352.7 

508 

\         61.5 

334.7 

606 

1 

) 

The  rainfall  from  June  15  to  September  15  on  the  450  square  miles 
tig  within  the  area  bounded  by  the  locations  of  the  stream  meas- 
»ments  in  Cache  Valley  was  3.58  inches,  or  an  equivalent  of  85,920 
e-feet  of  water.  Assuming,  for  the  present,  that  the  amount  of 
ter  evaporated  from  the  surface  of  the  irrigated  area,  together 
h  that  transpired  by  the  leaves  of  cultivated  plants,  would  aggre- 
«  a  depth  of  12  inches  during  the  three  months  from  June  15  to 
)tember  15,  the  loss  due  to  evaporation  over  an  irrigated  area  of 
B25  acres  would  equal  38,625  acre-feet.  Again,  if  we  assume  that 
I  water  evaporated  from  the  surface  of  the  uncultivated  portions 
the  valley  was  4  inches  during  the  same  time,  this  loss  over  an 
a  of  450  square  miles,  less  38,625  acres,  or  249,375  acres,  would 
lal  83,125  acre-feet.  Comparing  the  losses  due  to  evaporation  with 
t  gain  from  rainfall,  the  former  is  the  greater  by  35,830  acre-feet, 
ich  would  maintain  a  stream  of  200  second-feet  for  nearly  three 
nths. 

f  we  assume  that  the  rainfall  just  balances  the  evaporation,  then 
I  gain  due  to  seepage  would  be  so  given  in  the  above  table.  In  this 
e  the  amount  evaporated  from  the  surface  of  the  uncultivated  por- 
a  of  the  valley  in  three  months  would  be  less  than  2i  inches,  an 
ount  apparently  too  small. 


SEEPAGE    WATER   OF   NORTHERN    UTAH. 
Irrigatinij  iluty  of  water  in  Cache  VaUey  in  1SB6. 

lintrnf 


Jnly  . . . 

Average. 


T1h>  liffiireH  piven  alrave  inclade  all  the  waste  arising  from  absorp- 
tion, seepage,  ami  evaporation  in  the  conveyance  of  tho  water  as  will 
as  all  waste  caused  by  imperfect  methods  of  irritiating. 


Pu!.  II.     Ik-ur  RHvriit  Ci.llinntoli  Utnli 
SEEPAGE   WATERS   IN    OGDEN   VALLEY. 

This  valley  eomprises  llie  highest  irrigated  hind  in  Weber  Couuty. 
It  is  Beitaraled  fruni  Great  Salt  Lake  Valley  by  a  nariinv  spur  of  the 
WaMatfh  Itloimtains  and  is  watered  by  the  South,  Middle,  and  Korth 
foriisof  Ogden  River  and  several  small  ereoks.  The  three  main  trib- 
utaries meet  nefir  the  Idwer  pari  of  tlie  valley  and  form  Ogdeu  River. 
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liich  traverses  the  mountain  range  tlirougli  a  canyon  iner  5  miles 
>ng,  havinff  an  average  fall  in  that  dislante  of  80  feet  1o  the  mile, 
'lie  torrential  ohaiactor  of  the  river  in  tliia  p<trtiou  is  illustrated  in 
^.12.  All  of  the  water  flowing  from  the  upper  valley  must  pasa 
»ruugh  this  iiarron"  gorge. 

The  irrigators  of  Ogden  Valley  supply  annually  5,(!00  acres  with 
"«ter  diverted  from  Ogden  River  and  its  tributaries,  as  shown  by  the 
Uiall  map,  PI.  III.     This  diversion  is,  however,  illegal  during  times 


of  seareity,  sinee  all  the  summer  flow  belongs  to  prior  appropriators 
whose  canals  are  situated  in  the  lower  portions  of  the  county,  the 
relative  location  being  shown  on  the  left  half  of  PI,  III.  Many  dis- 
putes have  arisen  l>etwecn  the  irrigators  of  the  two  sections,  and  to 
prevent  costly  litigation,  the  writer  sought  to  determine,  if  jxtssible, 
whether  water  could  be  diverted  and  applied  to  the  land  in  the  upper 
valley  without  lessening  materially  the  supply  to  the  legal  owners 
below. 
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The  results  of  measurements  made  in  1894  are  given  in  the  follow- 
ing ta^ble: 

Ogden  Valley  inflow  and  outflow  in  1894* 


Date. 

Inflow,  in 
second-feet. 

Volume 
uaed  in  irri- 
gation. 

Outflow,  in 
second-feet. 

Seepage 

waters  and 

private 

springs. 

July  10 

154.0 

129.8 

127.2 

118.6 

107.1 

96.0 

88.5 

81.2 

76.5 

75.0 

73.1 

80.2 

79.0 

140.0 
121.0 
104.7 
93.5 
85.0 
77.5 
74.0 
71.4 
66.0 
56.5 
44.0 
31.0 
27.0 

156.5 
140.7 
119.2 
105. 4 
106.8 
99.7 
106.8 
100.5 
106.8 
110.4 
113.0 
121.2 
119.2 

142.5 
131.9 
96.7 
80.3 
84.7 
81.2 
92.3 
90.7 
96.3 
91.9 
83.9 
72.0 
67.2 

15 

20 

25 

30 

AnfiT*    5 

10 

15 

20 

25 

30 

Sept.    5  _ 

10 

July. 


August. 


10      15      ao      25 


Septemberi 


Fig.  13.— Diagram  illustrating  inflow  and  outflow  of  Ogden  Valley. 

A  more  detailed  description  of  the  measurements  is  to  be  found  in 
a  preliminary  report  on  seepage  water  and  the  underflow  of  rivers,^ 
published  in  1895.  The  general  facts  are  illustrated  by  the  accompa- 
nying diagram,  fig.  13,  illustrating  the  inflow  and  outflow  of  Ogden 


*  Utah  Agricultural  Experiment  Station  Bulletin  No.  38,  by  bamuel  Fortier,  hydraulic  engi' 
neer,  February,  1885. 
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Valley,  and  by  the  dotted  line  the  amount  used  in  irrigation.  If  no 
water  returned  by  seepage  or  was  added  by  percolation  from  the  adja- 
cent mountain  lands,  the  outflow  would  be  represented  by  the  vertical 
distance  between  the  dotted  line  representing  the  amount  used  in  irri- 
gation and  the  light  line  representing  the  inflow;  but,  as  shown  by  the 
heavy  line,  the  actual  outflow  is  far  greater  than  this,  being  larger  at 
times  than  the  inflow  upon  the  corresponding  dates.  ^ 

To  be  more  certain  that  the  ratio  existing  between  the  inflow  and 
outflow  of  this  valley  was  correctly  determined  in  1894,  the  writer 
sent  Messrs.  Rhead  and  Humphreys  with  a  different  current  meter  to 
make  a  similar  test  during  1896.  The  results  obtained  by  them, 
given  below,  corroborate  the  records  of  1894: 

Results  of  measurements  in  Oyden  Valley  in  1896, 


Date— 1896. 

Inflow  in 

second- 

feet. 

Volume 
used  in  ir- 
rigation. 

Ontflow  in 

second- 

feet. 

Seepage 

waters  and 

private 

springs. 

Auflr.  20 

91.6 
86.0 
78.7 
70.0 
62.8 
55.3 
50.4 

106.5 
99.2 
89.4 
79.2 
70.2 
60.7 
51.6 

101.1 
99.5 
97.4 
95.0 
98.0 
90.0 
89.1 

116.0 
112.7 
108.1 
104.2 
100.4 
95.4 
90.7 

25 

30 

Sept.   5 ... 

10 

15 

20 

Some  of  the  Ogden  Valley  canals,  such  as  the  Eden  Canal,  obtain  a 
portion  of  their  discharge  from  seepage  waters,  and  this  accounts  for 
the  fact  that  the  aggregate  volume  used  in  irrigation  exceeds  the 
inflow. 


I  The  public  lands  and  their  water  supply,  by  F.  H.  Newell:  Sixteenth  Ann.  Kept.  U.  S.  GeoL 
Survey,  Part  II,  180^  p.  6S9. 
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LETTER   OF   TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 

Washington,  April  13,  1897. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
Windmills  for  Irrigation,  by  E.  C.  Murphy,  professor  of  civil  engi- 
neering in  the  University  of  Kansas,  at  Lawrence.  This  gives  the 
results  of  experimental  tests  carried  on  during  the  summer  of  1896 
upon  windmills  located  for  the  greater  part  in  the  vicinity  of  Garden, 
Kansas.  These  results  are  presented  in  condensed  form  for  early 
publication  in  order  that  they  may  be  available  for  use  and  discus- 
sion by  persons  interested  in  the  matter.  They  should  be  considered 
as  preliminary  to  a  more  popular  presentation,  which,  however,  can 
be  given  only  when  a  considerable  number  of  experimental  measure- 
ments of  various  kinds  have  been  completed  and  a  careful  study  yield- 
ing general  conclusions  has  been  made. 

In  detailed  work  of  this  character  it  is  impossible  to  avoid  technical 
discussions  and  mathematical  formulas,  but  as  far  as  possible  the 
results  of  the  tests  have  been  expressed  in  graphic  diagrams.  A  care- 
ful study  and  comparison  of  these  and  of  the  accompanying  descrip- 
tions shows  the  difference  of  behavior  of  the  mills  examined  under 
the  conditions  in  which  they  were  found.  It  is,  of  course,  impossible 
to  draw  conclusions  applicable  to  all  mills  from  the  examination  of  a 
few,  but  the  facts  here  shown  are  significant  and  worthy  of  careful 
consideration. 

Very  respectfully,  F.  H.  Newell, 

HydrograpJier  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey, 

7 


WINDMILLS  FOR  IRRIGATION. 


By  E.  C.  Murphy. 


INTRODUCTION. 

The  windmill  has  long  been  employed  to  perform  mechanical  work. 
Just  when  and  where  the  first  windmill  was  used  is  not  definitely 
known,  but  we  know  that  a  considerable  number  were  utilized  in 
France  in  the  twelfth  century.  They  were  emploj^ed  in  Holland  in 
the  fifteenth  century  in  pumping  surface  water  over  the  dikes  into 
the  sea.  It  is  not  the  purpose  of  this  paper,  however,  to  trace  the 
history^  or  development  of  windmills,  but  to  present  the  results  of 
some  recent  measurements  on  the  useful  work  windmills  are  doing, 
especially  when  employed  to  pump  water.  It  is  surprising  to  note 
how  little  definite  information  there  is  in  regard  to  the  efficiency  of 
windmills,  especially  of  the  steel  back-geared  mills  of  the  present  day. 
Thousands,  perhaps  hundreds  of  thousands,  are  in  use  doing  work  of 
various  kinds,  and  yet  very  few  careful  measurements  have  been 
made  to  determine  their  horsepower  or  the  number  of  foot-pounds  of 
work  they  are  accomplishing  under  different  velocities.  It  was  to 
supply  in  a  measure  this  lack  that  in  1895  the  writer  undertook  to 
measure,  with  instruments  then  at  his  disposal,  the  pumping  power 
of  windmills.  In  1896,  with  much  better  facilities,  he  continued  this 
work,  extending  it  to  include  power  as  well  as  pumping  mills.  The 
attempt  was  not  made  to  measure  the  power  of  every  make  of  mill; 
that  was  impossible.  It  was  thought  best  to  confine  the  work  to 
different  sizes  of  the  standard  mills,  those  that  are  used  to  a  large 
extent  and  are  giving  satisfaction.  In  some  cases  two  or  three  tests 
of  the  same  size  and  make  of  mill  were  made  for  the  purpose  of  show- 
ing the  influence  of  the  pump  or  well  on  the  useful  work  done. 

Perhaps  nowhere  in  the  United  States  is  irrigation  from  wells  by 
the  use  of  windmills  so  extensively  practiced  as  in  the  vicinity  of 
Garden.  Here  are  found  hundreds  of  windmill  pumping  plants,  irri- 
gating from  1  to  15  acres,  the  pumps  lifting  from  3  to  14^  quarts  per 
stroke  to  a  height  of  from  10  to  45  feet.  Here  are  found  the  large  steel 
mills,  with  the  latest  improvements,  running  day  and  night  whenever 

>  The  Windmill  as  a  Prime  Motor,  by  Alfred  R.  Wolff,  1890,  chapter  3,  contains  an  account  of 
the  early  history  of  windmills. 
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the  wind  velocity  is  sufficiently  great.     These  reasons  induced  the 
writer  to  select  this  locality  as  the  field  of  his  investigations. 

WELLS  NEAR  GARDEN,  KANSAS. 

A  brief  description  of  the  water  supply  and  the  wells  of  this  locality 
may  assist  in  conveying  an  understanding  of  what  follows.     The  water 

is  found  in  sand  and  gravel  at  distances  below 
the  surface  varj- ing  from  8  to  40  feet.    This 
material  is  in  layers  of  variable  thickness  and 
different  degrees  of  coarseness,  ranging  from 
fine  sand  to  large  gravel.     It  is  overlain  by  a 
layer  of  sandy  clay,  which  in  some  places  will 
stand  vertical  for  years  without  any  support 
In  other  places  there  is  very  little  clay  in  this 
layer.    The  wells  are  usually  3  to  4  feet  square, 
and  cased  with  wood  through  the  top  sandy 
clay  to  the  water-bearing  sand;  then  a  wood 
or  galvanized-iron  casing  from  12  inches  to  3 
feet  in  diameter  extends  down  from  8  to  20  feet 
into  the  sand  to  a  layer  of  gravel.     Where  this 
latter  casing  is  large,  three  or  more  galvanized- 
iron  pipes  G  to  12  inches  in  diameter  are  put 
down  in  the  bottom  of  it,  and  these  sometimes 
have  wire  gauze  over  their  tops  to  keep  down 
the  sand.     These  galvanized-iron  pipes  have 
perforations  about  one-fourth  inch  in  diameter 
for  a  distance  of  2  feet  or  more  from  the  bot^ 
tom  for  letting  in  the  water.     In  many  cases 
instead  of  this  small  open  well  the  suppl3'pipe 
is  on  a  well  jjoiiit  whose  diameter  is  the  same 
as  that  of  the  supply  pipe,  and  whose  length 
varies  with  the  diameter.     These  well  points 
have  not  given  satisfaction,  and  are  being  re- 
placed by  the  open  well. 

The  difficulty  with  many  of  the  wells  is  that 
they  are  not  large  enough ;  the  water  in  them 
Pio.  1.- View  of  Gause  pump,    jg  lowered  too  rapidly,  producing  such  a  rapid 

cha?gr^i^f'S'fl'^e' f!>^    inflow  as  to  carry  sand,  which  cuts  the  valves 
platform;  H,  piungrer;  T,  cyi-    and  cylinder  lining. 

Inder;  Z,  enlarged  valve  open- 
ing: and  check  valve;  S,  suction 
pipe. 


PUMPS. 


Nearly  all  the  pumps  in  use  in  this  vicinity  with  windmills  are 
of  the  reciprocating-piston  type.  Fig.  6  shows  what  is  called  the 
Stone  pump,  manufactured  by  R.  G.  Stone,  of  Garden.  They  are 
made  in  three  sizes — 6-inch,  8-inch,  and  10-inch,  these  dimen- 
sions being  the  approximate  diameter  of  the  discharge  pipe.    The 


WOODHAN8B   UOODL.  11 

diameter  of  the  cylinder  is  less  than  this  by  twice  the  thickness  of 
the  braes  lining.     The  valves  shown  in  fig.  7  are  of  the  latest  form; 


■Ung  parta  of  WoodniBiuw  UoBid. 


the  plunger  valve  is  of  the  single-Sap  or  clack  form,  and  the  check 
«f  the  disk  form,  made  so  the  wat«r  can  pass  up  in  the  center  as  well 
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as  around  the  sides.  In  an  earlier  form  of  thia  pnmp  the  plunger 
valve  is  of  the  double-flap  or  butterfly  form,  and  the  check  of  tiie 
lift  form,  but  having  no  opening  at  the  center.  Probably  nine- tenths 
of  all  the  pnmps  in  use  near 
Garden  are  of  tlie  Stone  vari- 
ety. Fig.  1  shows  the  Ganse 
pump,  one  of  the  first  used 
there  forirrigating  purposes. 
It  is  more  expensive  than  the 
Stone,  and  is  not  so  much 
used  now.  Fig.  14  shows  cyl- 
inder of  8-inch  Frizell  pnmp, 
a  few  of  which  are  in  use. 
^,v^_^  Fig.  i  shows  the  Woodmanse 

pump,  which  is  uaed  with 
j.  windmill  No.  2.  Fig.  24 
shows  a  crude  home-made 
pomp  called  the  "water-ele- 
vator." One  of  these  is  in 
use  in  Garden. 


The  wind  velocity  was  meas- 
ured with  a  United  States 
Weather  Bureau  cup  ane- 
mometer. E^h  mile  of  wind 
was  recorded  electrically  by 
one  pen  of  a  two-pen  regis- 
ter. By  means  of  a  little 
device  fiu^tened  to  the  pnmp 
an  electric  circuit  is  closed  at 
—  ■  it'—    ^^i  each  stroke  of  the  pump  and 

*^   ]  a  record  made  by  a  recorder. 

I  Another  electric  circuit  lead- 

ing from  the  recorder  to  the 
other   pen   of   the    register 
i       [  ^  T  ia  closed  at  each    hundred 

strokes  of  the  pnmp,  and  a 
record  made  on  the  register; 
hence  the  graphic  record  of 
the  register  shows  the  num- 
ber of  miles  of  wind  in  any 
given  time,  and  also  the  nnm- 
>T  of  hundred  strokes  of  pump  in  the  same  time. 
The  anemometer  was  held  on  a  pole  at  the  height  of  the  axis  of  the 


Via,  B.— Bectlunal  view  of  Woodmaiise  pi 
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wheel  of  the  windmill.  The  pole  was  made  so  that  it«  length  could 
be  increased  at  will  from  25  to  50  feet.  The  anemometer  on  the  pole 
is  shown  in  Pis.  I  and  VIII. 

The  discharge  per  stroke  of  the  pump  was  found  by  cat<jhing  the 
water  for  several  strokes  in  a  tub  and  measuring  this  with  a  quart 
measure.  This  was  found  to  vary  with  the  number  of  strokes  per 
minute  in  a  few  cases  on  account  of  the  valves  leaking.  The  discharge 
given  where  it  varied  is  for  nearly  a  maximum  speed  of  pump.  The 
lift  or  distance  from  the  surface  of  water  in  the  well  to  the  center  of 
the  water  column  as  it  leaves  the  discharge  pipe  was  measured  when 
the  pump  was  working  quite  rapidly.  For  pump  on  well  points  it 
was  estimated  from  the  depth  to  water  when  the  point  was  put  down, 
making  an  allowance  for  the  pumping  down  of  the  water. 

In  the  following  pages  descriptions  are  given  of  each  of  the  mills 
tested,  these  being  illustrated  by  a  few  photographs  of  the  mills  and 
surroundings  and  by  drawings  of  the  common  form  of  pumps  employed. 
The  descriptions  are  also  accompanied  by  diagrams  showing  graphic- 
ally the  results  obtained  by  the  measurement  of  the  velocity  of  the 
wind  and  by  counting  the  number  of  strokes  of  the  pump.  These 
diagrams  exhibit  at  a  glance  the  facts  which  otherwise  can  be  com- 
prehended only  by  a  careful  study  and  analysis  of  the  figures.  As  the 
wind  increases  from  a  gentle  breeze  the  pumps  run  faster,  the  num- 
ber of  strokes  per  mile  of  wind  increasing  rapidly  up  to  a  certain 
point,  but  beyond  this  point  the  diagrams  show  that  although  the 
wind  increases  in  speed,  the  pump  begins  to  run  slower.  This  appar- 
ent eccentricity  is  due  to  the  simple  fact  that  nearly  all  mills  are  so 
constructed  that  for  safety  they  begin  to  turn  out  of  the  wind  when 
it  reaches  a  certain  force,  and  thus  decrease  their  revolutions,  until 
in  a  heavy  wind  the  movement  becomes  quit^  slow  or  may  even  cease 
altogether,  the  vanes  being  as  a  rule  turned  edgewise  to  the  direction 
of  the  air  currents. 

In  these  diagrams  (figs.  4,  8,  9,  10,  11,  13,  15,  16,  18,  and  20)  the 
relation  between  the  movement  of  the  wind  in  miles  per  hour  and  the 
number  of  strokes  of  the  pump  is  shown  by  the  curved  line.  The 
space  from  left  to  right  on  these  diagrams  is  proportional  to  the  veloc- 
ity of  the  wind,  while  the  distance  from  the  lower  line  upward  is  pro- 
portional to  the  number  of  strokes  of  the  pump.  The  data  expressed 
by  these  diagrams  were  obtained  directly  from  the  record  given  by 
the  anemometer  register.  The  pen  of  this  connected  with  the  ane- 
mometer makes,  we  will  assume,  3  short  marks  (3  miles)  in  15  minutes, 
indicating  a  mile  in  5  minutes,  or  at  a  rate  of  12  miles  an  hour.  At 
the  same  time  the  other  pen,  connected  with  the  pump  and  register- 
ing each  hundred  strokes,  makes,  say,  2  short  marks,  showing  that 
the  pump  has  made  200  strokes  for  this  3  miles  of  wind  movement,  or 
67  strokes  in  each  mile.  This  fact  is  entered  upon  the  diagram  by 
placing  a  small  circle  at  a  distance  from  the  right  corresponding  to  12 
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INSTRUHBNTS  AND  METHODS. 


The  well  is  3|  by  3J  feet  to  water,  a  distance  of  14  fee 
Ltom  of  this  is  put  down  a  IS-inch  galvanized  iron  pipe  i 
it«r,  forming  a  small  open  well.  The  lift  at  the  time  < 
J  feet  and  the  dischai^  per  sti-oke  14^  quarts.  The 
)ter  pressure  was  2G.03  inches,  and  the  mean  temperatu: 
Bt  of  mill,  tower,  pump,  and  well  was  about  $210.     The  ■ 


7m.  S.— WorMnK  parts  of  aermotor.  Pio.  a.— Stmn 

in  fig.  4,  is  for  a  moderately  loaded  12-foot  mill  {536.S 
i  per  stroke),  and  is  seen  to  start  with  a  wind  velocity  of 
is  per  hour.  It  ascends  vei-y  rapidly,  reaching  a  maxim 
m  per  hour,  and  gi\ing  60  strokes  per  mile.  The  rest  ■ 
-o  30  miles  hasa  gentle  slope;  the  number  of  strokes  perm 
boat  5  at  12  miles  to  about  25  at  30  miles  per  hour. 
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Mill  No.  S. — This  is  a  12-foot  aermotor,  manufactured  by  the  Aer- 
motor  Company,  Chicago,  Uliaois.  PI.  II  Hhows  the  mill  with  its 
tower,  pnmp,  and  pond,  and  fig.  5  the  working  parts.  This  mill  had 
been  in  use  about  a  year  and  all  the  parts  were  in  good  working 
order.  The  tower  is  made  of  wood,  having  the  axis  of  the  wheel  30 
feet  above  the  ground.  Theeipoeore  is  very  good.  The  wheelhaslS 
curved  fans,  each  44  by  18i  by  7}  inches,  set  nt  an  angle  of  31°  to  the 
plane  of  the  wheel.  It  is  back  geared  3J  to  1,  and  is  held  in  the  wind 
by  a  spring.  The  pump  is  the  Stone  make  (figs  6  and  7),  in  which 
the  check  valve  ie  of  the  single-flap  variety,  and  the  plunger  valve 
the  double-flap  variety.     The  cylinder  is  9^  inches  in  diameter;  the 


supply  pipe  is  4  inches  in  diameter,  and  the  dischai^e  pipe  is  10 
inches  in  outside  diameter.  The  length  of  stroke  is  12  inches  and  the 
discharge  per  stroke  14^  quarts.  The  well  is  4  by  4  feet  and  is  sunk 
a  distance  of  8  feet,  being  down  nearly  to  water.  From  this  to  » 
depth  of  18  feet  it  is  3  feet  in  diameter.  In  the  bottom  of  this  are 
three  pipes  12  inches  iu  diameter  extending  down  5  feet  farther.  The 
lift  at  the  time  of  testing  was  13J  feet.  The  barometer  pressure  was 
27.  a  inches,  and  the  temperature  85°  F,  The  water  is  pumped  into  a 
pond  80  by  75  feet,  and  a  depth  of  22  inches  can  !«?  drawn  oft.  Tli' 
coBt  of  the  plant,  including  mill,  tower,  pump,  and  pond,  was  (145. 
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urve  shown  in  fig.  8  is  for  a  rather  lightly  loaded  mill — 415.3 
mds  per  stroke.  It  starts  at  a  velocity  of  6  to  7  miles  per 
^cends  less  rapidly  than  in  fig.  4,  attains  a  maximum  at  about 
i  per  hour,  when  the  number  of  strokes  per  mile  is  62,  and  then 
is  slowly,  reaching  50  strokes  at  30  miles.  The  number  of 
per  minute  increases  from  about  5  at  8  miles  to  25  at  30  miles. 
Vb.  4. — This,  shown  in  the  foreground  of  PI.  Ill,  is  an  8-foot 
indmill,  manufactured  by  the  StoVer  Manufacturing  Company, 
•t,  Illinois.  This  mill  had  been  in  use  about  one  year  and  all 
te  were  in  good  condition.  The  tower  is  of  wood;  the  axis  of 
>el  is  48  feet  above  the  ground.     The  wheel  has  15  fans,  each 
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Fio.  8.— Diagram  showinflr  resnlts  with  Mill  No.  8. 

1  by  30  inches,  set  at  an  angle  of  29°  with  the  plane  of  the 
It  is  back  geared  2^  to  1  and  is  held  in  the  wind  bj"  a  spring, 
tnp  is  of  the  Stone  make.  The  discharge  pipe  is  5|  inches  in 
)r  and  the  supply  pipe  3  inches  in  diameter.  The  length  of 
s  8  inches.  The  plunger  and  check  valves  are  of  the  single^ 
iety.  The  well  is  2f  by  2f  feet  down,  nearly  to  water,  a  depth 
jet.  The  3-inch  supply  pipe  extends  down  to  a  depth  of  14 
d  on  the  end  of  it  is  a  3-inch  well  point  6  feet  long.  The  lift 
ry  from  8^  to  20  feet.  It  was  probably  about  12  feet  at  the 
the  tiest.  The  discharge  per  stroke  W£H3  2  quarts,  fl^p  n^ean 
KB  8—2 
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barometer  pressure  was  27.19  inches,  and  the  mean  temperature  83°  F. 
The  water  is  pumped  into  a  pond  115  by  31  feet  and  3  feet  deep.  The 
cost  of  the  plant,  including  mill,  pump,  well,  and  pond,  was  180. 

The  curve  shown  in  Fig.  9,  although  for  a  quite  lightly  loaded  8-foot 
mill — 50  foot-pounds  per  stroke — is  seen  to  start  in  a  10  to  11  mile 
wind.  The  maximum  is  reached  at  19  miles  with  a  speed  of  78  strokes. 
The  right  portion  of  the  curve  is  quite  steep  and  is  characteristic 
of  this  make  of  mill.  Mill  No.  18  is  the  same  size  and  make  as  this 
one,  and  yet  with  a  load  of  89.2  foot-pounds  it  starts  in  a  7  to  8  mile 
wind,  reaching  a  maximum  at  about  13  miles  at  a  speed  of  104  strokes 
per  mile.     A  second  test,  when  the  spring  that  holds  the  wind  wheel 
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Fio.  9.— Diagram  showing  results  with  Mill  No.  4. 

in  the  wind  was  tightened  up  somewhat,  gave  the  maximum  ^ 
velocity  of  about  15  miles  with  a  pump  speed  of  about  114  stroll 
The  difference  in  performance  appeared  to  be  due  to  difference 
pumps  and  wells. 

M.'Ul  No.  5.— This  mill,  shown  in  the  background  of  PL  III,  is  ^ 
8-foot  aerinotor,  manufactured  by  the  Aermotor  Company,  Chica^'^ 
Illinois.  The  tower  is  of  wood  and  is  28^  feet  high  to  the  axis  of  tt^ 
wheel.  The  exposure  is  good,  and  all  the  parts  were  in  good  worf^ 
ing  order  at  the  time  of  examination,  the  plant  having  been  in  u^ 
about  one  year.  The  wheel  has  18  curved  fans,  each  30  by  12^  by  5^ 
inches,  making  an  angle  of  29^°  with  the  plane  of  the  wheel.    It  i> 
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eared  3^  to  1.  The  pump  is  Stone  make.  The  discharge  pipe 
5hes  in  diameter;  the  supply  pipe,  3  inches  in  diameter.  The 
are  both  of  the  single-flap  variety.  The  length  of  st]:oke  is  8 
The  well  is  4  by  4  feet  to  water,  a  depth  of  10^  feet.  A  12- 
ooden  curb  extends  12  feet  farther  into  the  sand  and  gravel, 
ischarge  per  stroke  was  3^  quarts  and  the  lift  13  feet.  The 
is  pumped  into  a  pond  110  by  30  by  2^  feet.  The  cost  of 
including  pond,  was  $80. 

8-foot  mill,  with  a  load  of  95  foot-pounds,  is  shown  by  fig.  11 
b  with  an  8  to  9  mile  wind,  reaching  a  maximum  at  13  to  15  miles 
5  strokes  per  mile.     At  30  miles  per  hour  it  is  making  77 
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Fig.  10.— Diagram  showing  results  with  MiU  No.  6. 

3  per  mile  and  39  per  minute.     This  curve  indicates  a  quite 
Y  loaded  mill. 

No,  6, — This  miU,  shown  in  the  background  of  PL  II,  is  an 
Grem,  manufactured  by  the  United  States  Wind  Engine  and 
Company,  Kansas  City,  Missouri.  The  working  parts  of  the 
•e  shown  in  PL  IV.  The  exposure  is  good  and  all  the  parts  are 
a  working  order,  the  mill  having  been  in  use  only  about  a  year, 
heel  has  24  curved  fans,  each  30^  by  10  by  4^  inches,  set  at  an 
3f  35°  with  the  plane  of  the  wheel.  It  is  back  geared  3  to  1. 
heel  is  held  in  the  wind  by  means  of  a  weight.  The  pump  is 
make.    The  discharge  pipe  is  6  inches  in  diameter,  the  supplv 
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pipe  4  inches  in  diameter,  and  the  length  of  stroke  8  inches.  The 
well  is  oi)en  to  water  for  a  depth  of  6^  feet.  The  supply  pipe  is  on  a 
well  poiut,  the  end  of  which  is  16  feet  below  the  surface  of  the  grouni 
The  lift  was  9^  feet  and  the  discharge  3^  quarts  per  stroke.  The 
tower  is  built  of  wood  and  is  24  feet  high  to  the  axis  of  the  wheel 
The  mean  barometer  pressure  was  27.02  inches  and  the  mean  tem- 
perature 85^  F.  The  plunger  valve  is  of  the  double-flap  variety,  and 
the  check  of  the  single-flap  variety. 

Mia  No.  7.— This  is  a  12-foot  aermotor  similar  to  Mill  No.  3.  The 
tower  is  steel,  having  a  height  of  31  feet  to  the  axis  of  the  wheel 
The  exposure  was  good  and  all  the  parts  were  in  good  working  order, 
the  plant  having  been  in  use  less  than  one  year.  The  pump  is  the 
Stone  make,  and  is  like  that  with  Mill  No.  3,  except  that  the  check 
valve  is  of  the  solid-lift  variety.  The  lift  was  15^  feet,  and  the  dis- 
charge 14f\j^  quarts  per  stroke.  The  water  is  pumped  into  a  pond  135 
by  50  by  2^  feet. 
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Pio.  11.— Diagram  showing  results  with  Mill  No.  0,  aermotor. 

MiU  No,  8. — This  is  a  10- foot  Star  wooden  mill,  manufactured  by- 
Bradley ,  Wheeler  &  Co. ,  Kansas  City,  Missouri.  The  tower  is  made  of 
wood  and  the  axis  of  the  wheel  is  35^  feet  above  the  ground.  The 
water  is  pumped  into  an  elevated  tank  20  feet  above  the  surface  of 
the  ground,  and  is  used  for  irrigation.  The  wheel  has  60  plain  fans, 
each  37  by  5  by  2J  inches,  set  at  an  angle  of  33°  to  the  plane  of  wheel 
It  is  held  in  the  wind  by  means  of  a  weight.  It  is  not  back  geared,  a 
stroke  of  the  pump  being  made  to  each  revolution  of  the  wheel.  The 
supply  pipe  is  2  inches  in  diameter  and  terminates  in  a  well  point,  the 
end  of  which  is  18  feet  below  the  surface  of  the  ground.     The  cylinder 
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I  inohes  in  diameter,  the  discharge  pipe  H  inches  in  diameter,  the 
gth  of  stroke  5  inches.  The  lift  may  vary  between  28^  and  37  feet, 
was  estimated  to  be  about  30  feet  at  the  time  of  messuremeBt. 


Fia.  IS.— WorkmK  partsor  Mill  No.  1(1,  Ideal. 


3  discharge  per  stroke  was  0.24  quart.     The  cylinder  leaked  some 
,he  time  of  test.     After  a  new  cylinder  was  put  in  the  dischat^e 
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per  stroke  was  increased  to  0.40  quart.     The  mean  barometer  pressure 
was  27.04  inches;  mean  temperature,  78°  F. 

Mill  No,  9, — This  is  a  16-foot  aermotor.  The  tower  is  steel  and  the 
axis  of  the  wheel  is  30  feet  above  the  ground.  The  wheel  has  18 
curved  fans,  each  59  by  25J  by  10^  inches,  set  at  an  angle  of  30°  with 
the  plane  of  the  wheel.  It  is  back  geared  3  J  to  1.  The  discharge 
pipe  is  12  inches  in  diameter,  the  supply  pipe  B  inches  in  diameter, 
the  cylinder  8  inches  in  diameter;  the  stroke,  16  inches.  The  well  is 
4  by  6  feet  to  a  depth  of  23  feet,  2  by  2  feet  down  8  feet  farther,  and 
18  inches  diameter  down  14  feet  farther.  The  water  is  39^  feet  below 
the  surface  of  the  ground.  The  lift  is  44^  feet  and  the  discharge  11 
quarts  per  stroke.  The  check  valve  is  of  the  single-flap  variety  and 
the  plunger  of  the  double-flap  variety.     The  mean  barometer  pressure 
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Fig.  13.— Diafirram  ahowinfir  retmlts  with  Mill  No.  11,  Ideal. 

was  27.04  and  the  mean  temperature  93°.     This  plant  has  been  in  use 
about  three  years. 

The  curve,  shown  in  fig.  11,  starts  with  a  wind  velocity  of  8  to  9 
miles  and  reaches  a  maximum  at  13  miles,  with  a  speed  of  53  strokes 
per  mile.  From  this  to  a  velocity  of  about  19  miles  the  curve  is  nearly 
horizontal.  From  this  point  it  descends  slowly  to  32  miles,  where  it 
is  making  38  strokes  per  mile.  The  piston  speed  increases  from  the 
rate  of  11  strokes  at  12  miles  to  the  rate  of  21  strokes  at  30  miles  per  hour. 

MiU  No.  10, — This  is  an  8-foot  Ideal.  The  tower  is  made  of  wood, 
the  axis  of  the  wheel  being  30  feet  above  the  ground.  The  wheel  has 
15  curved  fans,  each  31  by  19  by  7  inches,  set  at  an  angle  of  29|o  with 
the  plane  of  the  wheel.     It  is  back  geared  2^  to  1.     The  supply  pipe 
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\  inches  in  diameter,  the  cylinder  2^  inches  in  diameter.     The 
p  is  of  the  common  hand  kind,  with  lift  valve  of  the  flap  form  and 
iger  of  the  lift  variety.     The 
es  leak  some,  as  the  dis- 
ge  is  greater  when  the  pump 
orking  rapidly  than  when 

working  slowly.  The  sup- 
pipe  is  on  a  well  point  2  feet 

and  li  inches  in  diameter, 
se  lower  end  is  50  feet  below 
mrf  ace  of  the  ground.  The 
VQS  33  feet  and  the  discharge 
stroke  one-third  of  a  quart 
n    pumping  quite  rapidly. 

mean  barometer  pressure 
26.94  inches  and  the  mean 
perature  97^^. 

ia  No,  ii.— This  is  a  12-foot 
,1,  the  working  parts  of  which 
shown  in  fig.  12.  The  tower 
ade  of  steel,  the  axis  of  the 
el  being  30  feet  above  the 
md.  The  exposure  is  good 
all  the  parts  are  in  good 
king  order.  The  wheel  has 
lurved  fans,  31  by  19  by  7 
les,  set  at  an  angle  of  29^° 
le  plane  of  the  wheel.  It  is 
c  geared  2^  to  1,  and  the 
el  is  held  in  the  wind  by  a 
ng.  The  discharge  pipe  is 
ches  in  diameter  and  the 
ke  12  inches.  The  supply 
)  consists  of  two  3-inch  pipes 
'eet  long,  each  terminating 
3-inch  well  i)oint  3  feet  long, 
valves  are  both  of  the  single- 
variety.     The  water  is  39^ 

below  the  surface  of  the 
md.  The  lift,  as  nearly  as 
d  be  ascertained,  was  45  feet 
le  time  of  measurement;  the 
harge,  9  quarts  per  stroke, 
water  is  pumped  into  a  pond 
>y  40  by  6  feet.  This  plant  has  been  in  use  about  three  years, 
mean  barometer  pressure  was  20.91  inches,  and  the  mean  temper- 
•e  91^  F. 


Pio.  14.— Working  imrts  of  Frizell  cylinder. 
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This  curve,  shown  in  fig.  13,  is  for  a  heavily  loaded  (843.7  foot- 
pounds per  stroke)  12-foot  mill.  It  starts  with  a  velocity  of  about  10 
miles  per  hour  and  reaches  a  maximum  at  about  23  miles,  with  a 
piston  speed  of  57  strokes  per  mile.  At  30  miles  it  is  making  51 
strokes  per  mile.  The  maximum  point  of  this  curve  is  much  farther 
to  the  right  than  that  of  any  other  curve.  The  number  of  strokes  per ' 
minute  increases  from  5  at  12  miles  to  25  at  30  miles. 

Mia  No,  i^.— This  is  a  14-foot  Ideal,  shown  in  fig,  16.  The  tower 
is  made  of  steel,  30  feet  high  to  the  axis  of  the  wheel.  The  wheel 
has  24  curved  fans,  each  48J  by  17^  by  8  inches,  set  at  an  angle  of  30° 
with  the  plane  of  the  wheel.  It  is  back  geared  2^  to  1.  The  pump 
is  Frizell  make,  shown  in  fig.  14.  The  discharge  pipe  is  10  inches  in 
diameter;  the  cylinder  9^  inches;  the  supply  pipe  is  6  inches  in  diam- 
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Fig.  15.— Diagram  showing  results  with  Mill  No.  12. 

eter,  terminating  in  a  well  point  10  feet  long  and  6  inches  in  diame- 
ter, the  lower  end  of  which  is  32  feet  below  the  surface  of  the  ground. 
The  lift,  as  nearly  as  could  be  estimated,  was  11  feet;  the  discharge, 
11.6  quarts  per  stroke.  The  mean  barometer  pressure  was  27.04 
inches  and  the  mean  temperature  81°  F.  The  water  is  pumped  into 
a  reservoir  100  by  100  feet  and  3  feet  deep.  The  pump  has  been  in 
use  about  one  year. 

The  curve,  shown  in  fig.  15,  is  for  a  very  lightly  loaded  (263.5  foot- 
pounds) 14-foot  mill.  This  load  is  only  31  per  cent  of  that  of  the  12- 
foot  mill.  No.  11.  The  curve  starts  with  a  7  to  8  mile  wind  and  reaches 
a  maximum  at  15  miles  with  a  piston  speed  of  58  strokes  per  mile  of 
wind.     At  30  the  piston  speed  is  47  strokes. 
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Mill  No.  IS. — This  is  a  12-foot  aermotor,  shown  in  PI.  VI.  The 
tower  is  made  of  wood,  with  the  axis  of  the  wheel  25  feet  above  the 
ground.  The  exposure  is  good  and  the  plant  in  excellent  condition, 
having  been  in  use  about  one  year.  The  wheel  is  the  same  as  in  mill 
'No.  3.  The  pump  is  Stone  make;  the  discharge  pipe  is  10  inches  in 
diameter;  the  supply  pipe  is  5  inches  in  diameter  on  a  well  point  10 
feet  long,  the  lower  end  of  which  is  17  feet  below  the  surface  of  the 
ground.  The  length  of  stroke  is  12  inches.  The  plunger  valve  is  of 
the  double-flap  type  and  the  check  valve  of  the  single-flap  variety. 
The  discharge  per  stroke  at  the  time  of  the  test  was  14.4  quarts  and 
the  lift  about  11  feet.  The  mean  barometer  pressure  was  27.09  inches 
and  the  mean  temperature  was  91  ^  F.     The  important  difference 
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Fio.  16.— Diagram  of  results  with  Mill  No.  19. 

between  this  plant  and  No.  3  is  that  the  latter  has  a  4-inch  supply 
pipe  and  an  open  well,  while  the  former  has  a  5-inch  supply  pipe  on  a 
well  point. 

MUl  No.  14' — This  is  a  12- foot  Gem,  like  the  one  shown  in  PI.  IV, 
on  a  60- foot  steel  tower.  The  pump  is  Gause  make;  the  cylinder  is  8 
inches  in  diameter;  the  length  of  stroke  9  inches.  The  supply  pipe 
is  a  12-inch  open  well.  The  discharge  per  stroke  was  9f  quarts  and 
the  lift  15^  feet.     The  wind  velocity  was  not  measured  for  this  mill. 

Mill  No.  15. — This  is  a  10-foot  Gem,  similar  to  that  shown  in  PI.  IV. 
The  tower  is  made  of  wood,  the  axis  of  the  wheel  being  34  feet  above 
the  ground.  The  mill  is  in  good  working  order,  but  the  exposure  is 
not  good  on  account  of  trees.  The  wheel  has  24  fans,  each  36  by  1 1 
by  4i  inches,  set  at  an  angle  of  35°  with  the  plane  of  the  wheel.     It  is 
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back  geared  3  to  1.  The  pump  is  Stone  make;  the  dischai^e  pipe  ibB 
inches  in  iliameter,  the  Bupply  pipe  3  inches  in  diameter,  the  stroke  S 
incfaea.  The  supply  pipe  is  on  a  3-incli  well  point  8  feet  long,  whose 
lower  end  is  21^  feet  below  the  surface  of  the  ground.  The  plunger 
valve  is  of  the  single-flap  form  and  has  a  check  lift.  Depth  of  water 
is  10  feet.  The  discharge  per  stroke  is  7  quarts;  the  lift,  about  IS 
feet;  the  mean  barometer  pressure  was  27.05  inches  and  the  mean 
temperature  was  84°  F. 

Mill  No.  JO. — Tliis  is  a  10-foot  Ilalliday,  pumping  wat«r  into  the 
same  pond  as  No.  15.  It  is  similar  to  the  mill  shown  in  fig.  12.  TTw 
tower  is  wood,  and  the  axis  of  the  wheel  US  feet  above  gronnd.  The 
wheel  has  78  fans,  each  36^  by  4  by  2i  inches,  set  at  an  angle  of  35j° 
to  the  plane  of  the  wheel. '  It  is  not  back  geai-ed.     The  pump  is  Ganse 
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Pio.  IT.— View  of  Hill  No.  30,  Jumbo. 

make,  with  a  discharge  pipe  <!  inches  in  diameter;  the  supply  pipe  ia 
4  inches  in  diameter.  There  is  a  6-inch  galvanized  iron  pipe  forming 
an  open  well  extending  15  feet  into  the  water.  The  depth  to  water  is 
11  feet,  the  lift  is  I'J  feet,  and  the  dischar^per  stroke  is  3  quarts. 
The  mean  barometer  pressure  was  27.02  inches,  and  the  mean  temper- 
ature 94°  F. 

MiU  No.  n. — This  is  a  12-foot  improved  Gem  on  a  30-foot  steel 
tower.  The  wheel  has  33  curved  fans,  each  42  by  lU  by  4}  inches, 
set  at  an  angle  of  37°  with  the  plane  of  the  wheel.  It  is  back  geared 
2  to  1.  The  pnmp  is  Ganse  patent,  with  an  8-inch  discharge  pipe, 
4-ineli  supply  pipe,  12-inch  stroke,  and  an  open  well  formed  of  a  12- 
inch  wooden  casing.     The  depth  lo  wntor  is  \1^  feet,  the  lift  21i  feet, 
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and  the  discharge  per  stroke  8}  quarts.  The  mean  barometer  pressure 
was  27.05  inches,  and  the  mean  temperature  93^  F.  This  mill,  although 
nearly  new,  does  not  work  well.  It  is  out  of  plumb.  Only  a  few 
measurements  of  the  number  of  strokes  per  mile  of  wind  were  made. 
Mill  No.  18, — This  is  an  8 -foot  Ideal  on  a  36-foot  wooden  tower. 
The  exposure  was  good,  and  the  parts  were  in  good  working  order. 
The  wheel  is  like  that  of  Mill  No.  4.  The  pump  is  Stone  make,  with  a 
6-inch  discharge  pipe.  There  is  no  supply  pipe,  the  cylinder  being  under 
water,  with  3^  inches  opening  to  it  from  below.  The  valves  are  lift 
variety  for  check,  and  single  flap  for  plunger.  The  well  is  open, 
formed  by  a  10-inch  galvanized  pipe  in  the  bottom  of  a  part  4J  feet 
in  diameter  and  8  feet  deep.  It  is  11  feet  to  water.  The  lift  is  14} 
feet,  and  the  discharge  per  stroke  2.92  quarts.  The  mean  barometer 
pressure  was  27.01  inches,  and  the  mean  temperature  83°  F.  The 
cost  of  the  plant,  including  pond,  was  $125. 
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Fio.  18.— Diagrram  showing  results  with  Mill  No.  30. 

MxR  No.  iP.— This  is  a  12-foot  Gem,  shown  in  PI.  VII,  on  a  30-foot 
wooden  tower.  The  exposure  is  good,  and  the  mill  is  in  good  work- 
ing order.  The  wheel  is  like  that  of  Mill  No.  17.  The  pump  is  Stone 
make,  with  10-inch  discharge  pipe  and  a  4-inch  supply  pipe.  The 
length  of  stroke  is  10  inches.  The  supply  pipe  is  on  a  4-inch  well 
point  9  feet  long,  the  end  of  which  is  23  feet  below  the  surface  of  the 
ground.  The  check  valve  is  of  the  lift  type,  and  the  plunger  is  of 
the  single-flap  type.  The  lift  was  about  18  feet,  and  the  discharge 
per  stroke  12  quarts.  The  mean  barometer  pressure  was  27.13  inches, 
and  the  mean  temperature  was  70°  F.  The  water  is  pumped  into  a 
reservoir  120  feet  by  60  feet. 

The  curve,  seen  in  fig.  16,  shows  that  a  9-mile  wind  is  necessary  to 
start  this  mill,  and  that  the  greatest  number  of  strokes  per  mile  of 
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wind  is  45,  about  25  per  cent  less  than  most  12-foot  steel  back-geared 
mills.     The  piston  si>ee<l  is  less  than  for  other  13-foot  mills,  being  at 
the  rat©  of  6  at  12  niilos  and  at  the  rate  of  10  at  25  miles  per  hour. 
Mill  No.  20. — This  is  a  15J-foot  Jumbo,  shown  in  fig.  17.    Ita  aiia 


Fia.  IS,— WarklDg  parta  of  HaUlda; : 


is  a  steel  shaft  8  feet  above  the  ground.  It  has  6  fans,  each  9i  by  3J 
foet;  the  out«r  radius  is  7}  feet  and  the  inner  4J  feet.  This  mill 
operates  two  pumps,  one  at  each  end  of  tlie  axis,  each  having  a  6-incli 
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rapidly  {30  strokes  per  minute).     The  vftlves  were  not  in  very  good 
repair,  and  the  pump  lost  its  priming  after  a  time. 

This  curve,  shown  in  fig.  20,  (or  a  lightly  loaded  (141.5  foot- 
pounds), direct  stroke  12-foot  mill,  is  seen  to  start  with  a  velocity  of 
9  to  10  miles,  and  to  reach  a  maximum  at  10  miles,  with  a  pistonspeed 
of  112  strokes  per  mile.  At  30  miles  the  number  of  strokes  is  abont 
98  per  mile.  The  number  of  strokes  per  minute  varies  from  14  at  13 
miles  to  45  at  25  miles. 


F)0.  n,— WorklDB  i»rtB  of  Power  Mill 


MiU3  Nos.  S3  fo  24.— The  results  obtained  from  these  mills  were  not 
sufficiently  complete  for  discussion. 

^fiU  No.  25.— This  is  an  8-foot  steel  mill,  on  a  32-foot  steel  tower, 
made  by  Fairbanks,  Morse  &  Co.  The  wheel  has  18  curved  fnns, each 
20  by  lift  by  5^  inches,  set  at  an  angle  of  29°  with  the  plane  of  the 
wheel.  It  is  back  geared  2i  to  1.  The  pump  is  of  the  common  hand 
variety,  with  2^-inch  cylinder,  U-inch  supply  and  discharge  pipes, 
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inches.  The  iinmher  of  revolutions  of  the  brake  pulley  per  mile  of 
wind  was  found  from  a  speed  counter.  This  mill  was  tested  twice. 
Between  the  dates  of  testing,  some  repairs  were  made  to  the  shafting, 
causing  the  cogwheels  to  hind  less  tightly.  The  figures  given  in 
Table  I  for  this  mill  are  those  obtained  from  the  second  test,  and  are 
much  larger  than  those  from  the  Jirst  test.  The  load  was  C  poundson 
the  arm  3U^  inches  long.     I^he  mill  has  been  in  use  about  one  year. 

Mill  No.  27. — This  is  a  12-foot  power  aermotor  on  a  30-foot  sleel 
tower.  The  wheel  is  the  same  as  in  mill  No.  3.  The  horizontal  shaft 
is  geared  forward  6  to  1.  Fig.  3i! 
shows  the  working  parts  of  the  mill 
and  fig.  23  the  foot  gear.  A  ^- 
inch  brake  pulley  was  clamped  to 
the  horizontal  shaft  at  a,  fig.  33. 
The  power  was  measured  bj"  a 
Prony  friction  brake  on  this  9{- 
inch  pulley,  the  arm  of  the  brake 
being  35^  inches  in  length.  The 
number  of  revolutions  per  mile 
of  wind  was  found  from  a  speed 
counter.  Themeanbarometerpres- 
sure  on  October  10,  1896,  when 
quite  a  number  of  measurements  of 
power  were  ma<le,  was  28.9  inches,  and  the  mean  temperature  was 
40°  F.  These  have  been  taken  as  a  standard,  and  measuremente 
made  on  other  days  reduced  to  what  they  would  have  been  had  the 
pressure  been  at  the  standard. 

DISCUSSION  OP  THE  RESULTS. 
The  following  table  giyes  in  condensed  form  the  results  obtained 
from  the  observations  upon  the  windmills  described  in  the  preceding 
pages.  This  table  shows,  first,  the  arbitrarj'  number  given  to  the 
mill;  next,  the  name  of  the  mill  and  that  of  the  owner  of  the  partic- 
ular one  tested.  Following  this  is  the  diameter  of  the  wind  wheel  in 
feet.  After  this  are  four  general  divisions  within  which  the  observa- 
tions have  been  classified  according  to  the  average  velocity  of  the 
wind  in  miles  per  hour,  beginning  with  a  wind  movement  of  8  mil*8 
per  hour  and  ending  with  one  of  30  miles  per  hour.  The  number  of 
strokes  per  mile  of  wind  was  obtained,  as  I)efore  stated,  directly  from 
the  record  given  by  the  anemometer  register.  The  second  set  nf 
figures,  that  giving  the  number  of  strokes  per  minute,  is  obtained  by 
simple  division  from  the  first  set,  the  number  of  strokes  per  mile 
being  divided  by  the  number  of  minutes  required  for  the  wind  to 
make  a  mile.  The  next  set  of  figures  gives  the  number  of  gallons  per 
hour  that  each  pump  was  lifting  under  the  different  wind  velocities. 
This  is  found  from  the  preceding  set  by  multiplying  the  number  of 
strokes  per  minute  by  sixty  (niimber  of  minutes  in  an  hour),  and  this 
by  the  number  of  gallons  raised  at  each  stroke. 
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ti«  next  set  of  figures,  that  giving  the  useful  work  in  hofsepower 
the  different  velocities,  is  found  from  the  preceding  set  by  mul- 
ying  each  of  these  by  the  factors  which  convert  the  number  of 
ons  or  the  quantity  of  water  raised  through  the  given  height 
•  the  corresponding  horsepower.  One  hoi-sepower  is  the  rate  of 
■k  when  33, (HK)  pounds  is  raised  to  a  height  of  1  fi«»t  in  one 
lute,  or,  in  other  words,  is  33, (MW  foot-pounds.  Thus  to  obtain  the 
ful  work  in  horsepower  it  is  necessary  to  multiply  the  number  of 
Ions  by  the  weight  in  pounds  of  each  gallon  and  by  the  height  in 
t  to  which  this  is  raised,  and  to  divide  this  by  33,000.     This  is  ex- 

ssed  mathematically  by  the  simple  formula:  llursepower  =  ,,,,  jb^' 

•TV  n  is  the  number  of  strokes  per  minute,  y  the  niimlwr  of  gallons 
stroke,  g  the  weight  in  pounds  per  gallon,  and  h  the  lift  in  feet. 


Via.  SI.— View  of  Derander  mill 


'he  latter  part  of  the  table  gives,  after  useful  work  in  horseiwwer, 
foot-pounds  of  useful  work  per  stroke  of  the  pump,  this  tieing 
ained  in  the  manner  indicated  above  by  multiplying  the  amount  of 
«r  in  pounds  raised  each  stroke  into  the  height  in  feet.  Next  to 
J  is  the  total  vane  area  of  the  mill  in  square  feet,  this  being  obtained 
a  careful  measurement  of  the  size  (»f  the  vanes.  Next  to  this  is 
wnded  the  total  lift  in  feet,  obtained  as  noted  under  the  deserip- 
18  of  the  mills,  and  also  the  size  of  the  pump  (inside  diameter  of 
cylinder)  and  the  length  of  stroke,  both  of  these  being  given  in 
hes, 
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Results  of  measurements  and  computations  of  pumping  miUs. 
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2 
3 
4 
5 
(I 

t 

H 
9 
1(» 
11 
12 
13 
15 
16 
17 

18 

19 
2(» 
21 
25 


Name. 


Woodmanse 
Aermotor  . . . 

Ideal 

Aermotor . . 

Gem 

Aermotor . . . 

Star 

Aermotor . . 

Ideal 

do 

do 

Aermotor . . 

Qem 

Halliday 

Qem 

Ideal 


•> 

M 

3 

4 

5 

» 

7 

8 

9 

10 

11 

12 

13 

15 

16 

17 

18 


19  Qem 

20  Jumbo 

21  i  Halliday... 
25    Fairbanks.. 


Owner. 


I.  L.  Diesem . 
T.  D.  CarlesB. 

E.  8.  Austin  . 
Ella  Horner.. 
W.J.James.. 
O.  V.  Folsom. 
J.  C.  Kitchen 

F.  M.  Dunn.- 
do 


do 

D.  M.  Frost. 
Wm.  Coulters 

Jas.  Allen 

do 

D.  R.  Menke . 

Fred.  Pile.... 

W.  E.  Trell.. 
W.T.Cowhick 
J.  E.  Hunt-... 
Wm.  Brown  . 


J 


Ft. 
12 
12 

8 

8 

8 
12 
10 
16 

8 

12 
14 
12 
10 
10 
12 

8 

12 
15* 


Number  of  strokes  per 
mile  of  wind  when 
velocity  per  hour  in 
miles  is— 


S    19 


40 

2i6 
ioei 

■'23 

'30 
60 


16 


26 

60 

52 

93 

62 

67 
150 

53 
126 

24 

55 

55 

39 
1131 

101  {« 
31 


60 
62 
73 
94 
67 
59 


90  93 


61 
60 
76 
90 
66 
57 


53     52 
125... 


92 


70 
146 


48  57 
59  58 
64l  63 
45     44 

127;  128 
48'    52 

114!  102 
98;  84 
45  44 
20     32 

107  112 

140  114 


56 
56 

68 
83 
61 


30 


Number  of  strokes  per  min- 
ute when  velodtj  per  hour  I 
in  miles  is— 


19 


51; 

50 
50i 

77; 

58' 


53     47 


47 


42 


56     fid 
52.... 
59     55 
351 
126 


79 
66 
3^ 
42 
107 
80. 


}- 


28.0 


14.1 


5.2 
5.31  12.U 
10.2 
18.6 
12.4 
11.4 
30.0 
10.6 
25.01 

4.8 
10.9 
11.0 

7.8 
22.6 

6.01 

20.2 


3.1 


4.0 


8.0 


16.0 
16.4 
19.3 
25.1 
17.9 
15.8 


14.1 
33.31 
12.7 
15.7 
17.1 
11.9 
33.9 
12.8 

26.1 


6.2  11.9 

5.3 

14. 0"  28.5 
12.31  29.21  37.3 


30.3 
19.8 
25.3 
29.8 
28,  n 
19.0 


17.2 


S.3  S.3 
23.1  25.0 
28.1  S.0 
31.  e  »5 
25.4  28.5 


2.1 


ftd 


19.ft  fl.O 


Number  g^allons  pumped  per  hour 
when  wind  velocity  per  hour  in 
miles  is— 


Useful  work  in  horsepower 
when  wind  velocity  per 
hour  in  miles  is— 


S 


1.153 


101 
"76 

'sis 


180 
348 


57 


19 


1.131 

2,610 
306 
977 
?-J5 

2,445 
108 

1,749 
125 
648 

1,880 

2,376 
^819 

1.017 
765 

879 

1,116 


16 


3,480 
3,567 
579 
1,318 
1.047 
3,387 


945 
136 


2,326 
167 
1,714 
2,708 
3,694 
1.250 
1.628 
1,632 

1,135 

2,142 
7a6 

1,924 
173 


90 


4,415 
4,306 
759 
1,564 
1.287 
4,075 


2,838 


2,5:« 
3,312 

1,543 

1  922 
2,206 

1.218 

2.64(i 
1,605 


95 


30 


19 


16 


5.069 
5.014 
84:^ 
1,817 
1,486 
4,740 


3,234 


5.50tl 
6,437 
750 
2,021- 
1,667 
5,041 


,06^ 


013 


3,465 


3.150 
3.709 
5,314 
1.5.« 
2,362 


3,375 
ri,'94() 


010 


1,196 

2,880 
2. 6255 
2,518  3,01() 
1771       1551 


025 


,012 


.085.200 
.151.207 
.0151.029 
.053.072 
.029.042 
.160.221 

.014! 

.325.433 


.017 
123 


.023 
.325 


,022 


.087.125 
.110.171 
.053:.  (JH2 
.067.108 
.070  c.  149 
(082) 


.054 
.085 


002 


,060 


070 
162 
047 
121 


90 


322 
250 
038 
086 
061 
286 


005.007 


448 

082 

.481 

.153 

.210 

.101 

130 

.202 

(092) 

.076 

201 

095 

159 

008 


95 


.379 
.291 
.043 
.009 
.050 
.300 


.601 


600 

.172 

.247 

099 

150 


(088) 

.074 

.219 

.154 

.184 

.005 


30 


E 


s 


.411 
.315 
.038 
.111 
.065 
.329 


644 


,630 
'275 


536.2^ 

415.3! 
50.0 
94.9 
77.6 

461.9 

15.0 

1,013.3 

22.8 

843.7 


60.4 
72.9 
36.1 
33.7 
36. 9< 
72.8 
50.8 
133.6 
42.0 
75.3 
263.5108.6 
330.0  72.8 
219.  Oi  47.3 
100.  Oi  61.3 
385.0  75.8 


80.2 

450.0 

291.2 

141.5 

5.5 


42.0 

77.6 
73.6 
60.7 
30.21 


17.75 
13.75 
12.00 
13.00 
9.60 
15.5(y 
30.00 
44.25 
33.00 
45.00 
11.00 
11.00 
15.00 
16.0DJ 
21.751 


»txlS 
9ixl2 

6xS 
6ix8 
9ixl2 
3xS 
8x16 
2ix« 
7ixI3 
9}xl2 
10x12 
8x^ 
6x9 
8x12 


14.75j  5fi? 

18.0010x10 

14.00J  6x12 

15,00   7ix7 

8.50  24x4 


a  Two  pumps,  each  6  by  12  inches. 

h  Inside  diameter  of  cylinder  by  length  of  stroke. 

c  Test  after  increasing  the  tension  of  spring  which  holds  wind  wheel  in  the  wind. 


It  is  seen  that  mills  of  the  same  size  differ  very  much  in  the  usefnl 
work  they  do,  and  that  some  of  the  large  mills  are  doing  very  little 
more  work  than  some  of  the  smaller  ones.  Nos.  4  and  18  are  the 
same  size  and  make;  the  wells,  however,  are  very  different;  the  latter 
is  doing  two  or  three  times  more  work  than  the  former.  The  12-foot 
mill,  No.  11,  is  doing  nearly  as  much  useful  work  as  the  16-foot  mill, 
No.  9,  and  three  or  four  times  more  useful  work  than  the  14-foot  Diill, 
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^o.  12,  while  it  is  doing  300  per  cent  more  work  than  No.  21.  The 
15^-foot  Jumbo  will  probably  do  verj'^  little  more  work  during  the  sea- 
son than  a  good  8-foot  mill. 

RELATION  BETWEEN    WIND   VELOCITY   AND   STROKES. 

TTie  preceiling  diagrams  show  gi*aphieally  the  relation  between  the 
winci  velocity  in  miles  per  hour  and  the  strokes  of  the  pump.  The 
ciirx^es,  as  will  be  noted,  differ  considerably;  but  with  the  exception 
of  ]No.  23  for  Mill  No.  20,  they  agree  in  that  they  rise  rapidly, 
^^ohing  the  highest  point  or  greatest  number  of  strokes  at  from  13 
^1-1)  miles  of  wind  velocity.  From  this  point  they  descend  slowly. 
^H^y  differ  much  in  the  position  of  the  beginning  of  the  curve,  or  the 
^^locity  required  to  start  the  mill.  Some  will  run  in  an  8-mile  wind; 
^^Hers  require  a  10  or  12  mile  wind  to  start  them.  Some  rise  less  rap- 
^^^y  than  others;  a  notable  case  is  Mill  No.  11.  Some  descend  much 
^^ore  rapidly  than  others  after  reaching  the  highest  point.  This  is 
^^pecially  true  of  the  8-foot  Ideals.  Mill  No.  12  (PI.  V)  required  a 
-■^4-mile  wind  to  start  it,  and  does  not  appear  to  have  a  maximum. 

The  shape  of  the  curve,  especially  the  position  of  its  beginning 
5K)int,  is  due  to  the  load  on  the  pump,  or  the  number  of  foot-pounds 
{>er  stroke.  Increasing  the  load  moves  the  curve  to  the  right  and 
t^aises  it  higher.  This  will  be  shown  more  fully  in  the  discussion  of 
J)ower  Mill  No.  27.  The  height  of  the  highest  i)oint  and  its  position 
tJepend  on  the  tension  of  the  spring,  or  the  weight  which  holds  the 
mill  in  the  wind.  The  greater  the  tension,  the  higher  the  summit  and 
the  farther  it  is  to  the  right.  Mill  No.  20  has  no  method  of  reducing 
the  wind  area,  and  hence  the  curve  has  no  summit,  as  shown  in  fig. 
17.  The  less  the  tension  in  the  spring,  the  steeper  the  descent  from 
the  highest  point.  The  gearing — that  is,  the  mechanism  for  causing 
the  pump  to  make  a  stroke  to  each  revolution  of  the  wheel,  or  only  a 
stroke  every  second  or  third  revolution — modifies  the  curve.  If  work- 
ing with  a  direct  stroke,  the  curve  is  much  higher  and  is  farther  to 
the  right  than  if  back  geared,  as  shown  by  a  comparison  of  mills  3 
and  21,  shown  in  figs.  8  and  20. 

USEFUL   WORK   IN  HORSEPOWER. 

The  relation  between  wind  velocity  and  horsepower  is  shown  graph- 
ically for  five  12-foot  mills  on  diagi-am  No.  31  and  for  four  8-foot  mills 
on  diagram  No.  32.  Examining  the  five  curves  of  fig.  25,  we  see  that 
No.  11,  the  one  which  gives  the  greatest  horsepower,  has  the  heaviest 
load  and  requires  the  greatest  wind  velocity  to  start  it.  No.  2  has 
about  five-eighths  the  load  of  No.  11,  does  less  work,  and  requires 
about  the  same  w'ind  velocity  to  start  the  pump.  No.  3  has  a  lighter 
load  than  No.  2  and  will  start  in  a  wind  of  about  7  miles  per  hour. 
No.  19  has  a  little  heavier  load  than  No.  3  and  does  much  less  work 
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at  all  velocities.  The  latter  requires  a  9  to  10  mile  wind  to  start  it, 
while  the  former  will  start  in  a  7  to  8  mile  wind.  No.  21  is  doing  the 
least  work  of  the  five,  and  requires  about  an  11-mile  wind  to  start  it. 
It  is  a  wooden  mill  working  direct  stroke,  while  the  others  are  steel 
mills  and  back  geared.  It  must  be  understood  in  this  comparison 
that  no  correction  or  allowance  is  made  for  difference  iif  temperatare 
and  barometric  pressure,  nor  for  the  fact  that  in  Nos.  11  and  19  the 
pumps  are  in  well  points,  while  in  the  others  they  are  in  open  wells. 
It  is  seen  that  in  fig.  25  none  of  these  curves  reach  a  maximam 


INDICATED  HORSE  POWER. 

8              1^              S              8             3 

10 

VELOCITY  OP  WIND  ] 
15 

IN  MILKS  PER  HOUR. 

a) 

25 

^ 

1 

/ 

^ 

/ 

A 

^$^>^ 

" 

/ 

/       ^ 

^ 

20 

^ 

^ 

^ 

^- 

^•n 

^^^^^i 

.10 

x" 

/# 

1 

Fig.  25.— Dia^rntm  showing  relation  between  horsepower  and  wind  Telocity  for  fiye  IMootmHb^ 

point  below  30  miles  per  hour.  They  do,  however,  for  some  higher 
velocities,  since  the  work  per  stroke  of  pump  is  nearly  constant  for 
each  pump  for  all  velocities,  though  not  the  same  for  one  pump  as 
for  another.  These  curves  also  give  the  relation  between  wind  veloc- 
ity and  number  of  strokes  of  pump  per  minute. 

In  fig.  26  the  curve  for  No.  18  is  seen  to  reach  a  maximum  at  20 
miles  per  hour,  and  No.  4  reaches  a  maximum  at  about  25  miles  per 
hour.  The  others  reach  their  maximum  points  for  velocities  at  about 
30  miles.  These  maximum  points  are  points  of  greatest  piston  speed, 
and  are  produced  by  a  reduction  of  wind  area,  the  wind  wheel  tumiBg 
out  of  the  wind.  This  make  of  mill  is  seen  to  "govern  "  or  turn  outof 
the  wind  at  a  lower  velocity  than  other  makes.  Comparing  the  curves 
on  diagram  No.  26,  we  see  that  the  one  doing  the  most  work  in  high 
velocities  is  No.  5,  the  one  which  is  the  most  heavily  loaded.    The 
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principal  differences  between  Nos.  4  and  18 — the  ones  giving  the  most 
and  the  least  work  for  velocities  less  than  22  miles  per  hour — are  in 
the  load  and  well.  No.  4  has  five-ninths  of  the  load  of  No.  18,  and 
is  on  a  well  point.  The  two  doing  the  least  work  are  on  well  points. 
Mill  No.  25  is  used  to  pump  water  for  stock.  Comparing  it  with 
that  of,  say,  "No.  5,  we  see  that  its  load  is  about  five-ninths,  and  that 
it  is  doing  about  one-tenth  as  much  work  as  the  latter.  It  will  start 
with  a  wind  velocity  of  about  6  miles  per  hour,  while  the  latter 
requires  a  velocity  of  about  8^  miles. 
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Pio.  26.— Diagram  showing  relation  between  horsepower  and  wind  velocity  for  four  8-foot  mills. 
COMPARISON  OF  BACK-GEARED  AND  DIRECT-STROKE  MILLS. 

Comparing  the  curves  of  fig.  25,  which  gives  the  relation  between 
horsepower  and  wind  velocity  for  five  makes  of  12-foot  mills,  we  see 
that  the  one  giving  the  least  power  is  working  direct  stroke.  It 
required  the  greatest  velocity  to  start  it,  and  is  doing  less  work  at  all 
velocities  than  any  of  the  other  four.  In  a  20-mile  wind  it  is  making 
40  strokes  per  minute,  and  in  a  25-mile  wind  48  strokes  per  minute. 
This  is  too  rapid  a  rate;  30  strokes  per  minute  is  as  rapid  as  a  pump 
of  this  size  should  work.  Hence  the  horsepower  of  this  mill  would  be 
less  than  shown  in  the  diagram  if  run  at  a  proper  rate.  The  only  way 
that  it  can  be  made  to  do  more  work  without  back  gearing  it  is  by 
increasing  the  load  per  stroke,  but  this  will  increase  the  velocity 
necessary  to  start  it,  and  cause  it  to  remain  idle  a  greater  part  of 
the  time.  Comparing  the  working  of  this  mill  and,  say,  No.  3,  we  see 
that  the  work  per  stroke  of  No.  3  is  415  foot-pounds  and  that  of  No. 
21  is  141  foot-pounds,  or  the  former  is  doing  about  three  times  as  much 
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work  per  stroke  as  the  latter,  and  the  latter  is  making  about  1.8  times 
as  many  strokes  per  minute  as  the  former  in  a  wind  velocity  of  16  or 
more  miles  per  hour.  The  former  being  back  geared  3^  to  1,  its  wheel 
is  revolving  about  1.9  times  faster  than  that  of  the  latter.  Xov, 
examining  the  curves  of  fig.  27,  we  see  that  the  speed  of  the  wheel 
has  much  to  do  with  the  useful  work  done.  When  the  speed  is  low, 
as  it  must  be  in  a  mill  working  direct  stroke  and  not  t<X)  rapidly  for 
proper  action  of  the  valves  of  the  pump,  a  slight  increase  in  load 
reduces  the  speed  a  good  deal.  When  the  speed  is  nearly  doubled, 
as  in  the  case  of  Mill  No.  3,  the  load  may  be  increased  considerably 
without  reducing  the  speed  much.  Hence  back  gearing  not  only 
enables  the  mill  to  work  with  a  given  load  in  a  much  less  wind  velocity 
than  one  working  direct  stroke  with  the  same  load,  but  it  enables  the 
wheel  to  run  at  a  velocity  that  gives  more  power. 

PUMP  LOAD  DUE  TO   WELL  POINT. 

On  examining  well  points  that  have  been  used  for  a  time,  it  is  seen 
that  many  of  the  little  openings  through  which  the  water  passes  into 
the  pump  have  become  filled  with  fine  grains  of  sand,  thus  reducing 
the  area  through  which  the  water  ciin  enter  the  pump.  If  this  area 
was  of  the  proper  amount  when  the  point  was  new,  it  has  become  too 
small  after  having  been  used  for  a  time,  or  after  standing  in  the 
ground  for  a  time  without  being  used.  If  this  area  is  too  small  to 
allow  free  flow  into  the  pump,  an  added  load  is  put  on  the  pump. 

To  measure  the  mean  pull  of  the  pump,  an  instrument  was  de\ised 
by  Mr.  R.  G.  Stone,  of  Garden,  consisting  essentially  of  a  spiral 
spring,  whose  compression  was  proportioned  to  the  pull,  and  a  pencil 
which  moved  up  and  down  over  a  smooth  surface.  The  spring  was 
calibrated  and  the  pull  in  the  pump  rods  of  four  pumps  measured 
with  it.  The  four  pumps  selected  were  operated  by  the  same  size  and 
make  of  mill,  and  the  pumps  were  the  same  except  as  to  size  of  supply 
pipe,  valves,  and  kind  of  well.  The  discharge  was  practically  the 
same,  but  the  lifts  differed  slightly.  These  were  Nos.  3,  7,  13,  and 
22.  The  following  ta^ble  gives  the  pull  in  each  case  after  reducing  to 
a  common  lift  of  17  feet: 

Added  load  due  to  pump. 


No.  mm. 

Lift. 

13} 
17 
12 
13i 

Kind  of  well. 

Mean  puU. 

3 

7 

13 

22 

Open 

Pounds. 
597 

734 

944    1 
J319 

Open 

4-inch  well  point . . 
4-inch  well  point . . 

The  straining  capacity  of  No.  7  is  not  as  great  as  that  of  No.  3,  and 
the  resistance  of  the  valves  is  greater  in  No.  7  than  in  No.  3. 
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USEFUL  WORK  DONE  IN  A  GIVEN  TIME. 

The  useful  work  which  two  mills  of  the  same  wind  area,  exposure, 
and  general  character  will  do  depends  on  the  magnitude  of  the  load 
on  the  mill  and  the  wind  velocity.  If  the  mill  is  heavily  loaded  it 
will  do  more  work  in  velocities  of  12  or  more  miles  per  hour,  and  less 
in  lower  velocities  than  one  of  a  lighter  load.  The  useful  work  done 
in  a  given  time  is  the  product  of  the  work  done  per  hour  at  the  mean 
velocity,  and  the  number  of  hours  during  that  time.  If  the  mean 
velocity  at  a  given  place  is  low,  the  mill  load  must  be  less  for  maxi- 
mum work  than  that  at  a  place  where  the  mean  velocity  is  higher. 
To  illustrate  this  fact  we  use  the  results  of  tests  of  two  12-foot  pump- 
ing mills  (fig.  25):  No.  11,  heavily  loaded,  and  giving  the  greatest 
horsepower  of  all  the  mills  tested  at  high  wind  velocities;  and  No.  3, 
giving  the  greatest  power  at  low  velocities.  The  useful  work  per 
stroke  of  pump  is  844  foot-pounds  for  No.  11,  and  415  foot-pounds 
for  No.  3.  The  useless  work  of  the  former  is  greater  than  that  of  the 
latter,  since  the  pump  is  on  two  well  points  in  the  former,  while  the 
pump  of  the  latter  is  in  an  open  well. 

The  relation  between  the  hoi^sepower  and  the  wind  velocity  for 
these  mills  is  shown  in  the  diagram  (fig.  25).  The  curves  are  seen  to 
cross  each  other  at  a  wind  velocity  of  12^  miles  per  hour.  For  less 
velocities  than  this  No.  3  is  doing  more  work  per  hour  than  No.  11, 
and  for  greater  velocities  No.  11  is  doing  more  work  than  No.  3.  If 
the  velocity  at  this  place  w^ere,  say,  not  more  than  13  miles  per  hour^ 
it  is  very  evident  that  mill  No.  3  would  do  more  work  in  any  time  than 
No.  11. 

There  is  no  record  of  wind  movement  at  Garden,  Kansas,  for  any 
considerable  length  of  time.  There  is  one,  however,  for  Dodge,  50 
miles  east  of  Garden,  kept  by  the  United  States  Weather  Bureau, 
which  may  be  used  for  this  purpose.  The  following  table  gives  the 
mean  number  of  hours  per  month  for  the  six  months,  April  to  Sep- 
tember, for  the  seven  years  1880  to  1895,  that  the  wind  movement  was 
0-5,  6-10, 11-15,  10-20,  21-25,  20-30,  31  and  upward  miles  per  hour. 


Mean  tinnd  vwvenient  at  Dodge,  KansaSy  for  the  seften  years  1889  to  1895. 


Months. 


April 

May 

June 

July 

August  ... 
September 

Mean  . 


0-5 

6-10 

175 

11-15 

16-30 

116 

157 

•113 

116 

19.5 

168 

120 

120 

187 

139 

111 

144 

218 

176 

117 

178 

230 

152 

99 

166 

182 

,152 

93 

140 

198 

157 

109 

lill-95 


76 
74 
86 
57 
62 
75 


72 


96-30 


43 
39 
49 
23 
18 
34 


34 


31  and 

upward. 


40 
32 

28 
9 
5 

18 


22 


40 
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It  is  seen  from  this  table  that  the  wind  velocity  is  5  miles  or  leas  per 
hour  for  140  hours  per  month  at  this  place.  During  this  time  neither 
of  these  mills  will  do  any  work,  as  neither  will  start  in  a  5-mile  wind. 
The  velocity  is  from  6  to  10  miles  per  hour  for  198  hours  per  month. 
Mill  No.  3  will  start  in  about  a  7-mile  wand,  and  hence  will  run  about 
four-fifths  of  this  time,  or  158  hours.  No.  11  requires  11^  miles  of 
wind  to  start  it,  and  will  do  no  work  during  this  time.  The  velocity 
is  11  to  15  miles  per  hour  for  157  hours  during  the  month.  No.  3  vfll 
work  all  of  this  time,  and  No.  11  about  nine-tenths  thereof,  or  Ul 
hours.  Both  mills  are  running  for  all  higher  velocities.  Mill  No.  3 
will  run  (if  in  the  wind)  about  75  per  cent  of  the  time  at  this  place,  and 
No.  11  about  51  per  cent  of  the  time. 

Comjyarative  performance  of  two  mitts. 


Velocities. 

MiU  No.  I 

5. 

MUlNo.  n. 

Hours. 

Power. 

Product. 

Hours. 

0 

141 

109 

72 

34 

22 

Power. 

Product.   : 

6-10 

158 

157 

109 

72 

34 

22 

0.067 
.168 
.230 
.277 
.308 
.320 

10.6 
26.4 
25.1 
19.9 
10.5 
7.0 

0.0 
.19 
.40 
.56 
.63 
.64 

0.0 

11-15 

26.8 

16-20 

43.6 

21-25 

40.3 

26-30  

21.4    ' 

31  and  upward  . 
Sum 

14.1 

99.5 

146.2 

i 

1 

Columns  2  and  5  of  the  above  table  give  the  number  of  hours  during 
the  mean  month  that  each  mill  was  running  with  a  wind  velocity  of 
from  6  to  10,  etc.,  miles  per  hour.  Columns  3  and  6  give  the  horse- 
power for  the  mean  velocity;  for  example,  0.168  is  the  horsepower 
for  No.  3  at  13  miles  per  hour,  and  0.19  is  the  horsepower  for  No.  11 
for  the  same  velocity.  Columns  4  and  7  give  the  product  of  the  num- 
ber of  hours  and  horsepower  that  each  mill  is  yielding  during  the 
month.  It  is  seen  that  No.  11  is  doing  31  per  cent  more  useful  work 
than  No.  3.  If  this  comparison  is  made  for  the  month  of  August,  it 
will  be  found  that  No.  11  will  do  26  per  cent  more  useful  work  during 
this  month  than  No.  3. 

POWDER  MILLS. 

• 

The  working  parts  of  Power  Mill  No.  27  are  shown  in  fig.  22.  Instead 
of  the  reciprocating  motion  of  the  pumping  mill,  there  is  here  a  cen- 
tral shaft  which  is  caused  to  rotate  by  beveled  cog  wheels.  The  sizes 
of  the  cog  wheels  are  so  taken  that  this  central  shaft  makes  six  revo- 
lutions to  one  of  the  wind  wheel.  The  pumping  mill  being  back 
geared  3 J  to  1,  and  the  power  mill  being  geared  forward  6  to  1,  the 
vertical  shaft  makes  twenty  revolutions  to  one  stroke  of  a  pump 
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worked  by  a  pumping  mill  whose  wind  wheel  is  running  at  the  same 
rate  as  that  of  a  power  mill.  At  the  lower  end  of  this  shaft  is  a  foot 
gear,  shown  in  fig.  23,  on  which  is  placed  the  pulley  which  runs  the 
grinder  or  other  machine. 

The  power  that  a  windmill  is  capable  of  developing  can  be  deter- 
mined better  from  a  power  than  from  a  pumping  mill,  because  the 
efficiency  of  the  pump,  which  may  be  anything  from  20  per  cent  to  85 
per  cent,  is  eliminated,  and  because  the  load  on  the  mill  can  be  varied 
at  will,  and  thus  the  effect  of  load  on  the  power  can  be  determined 
for  different  wind  velocities.  To  measure  the  power  of  this  mill  a 
pulley  9^  inches  in  diameter  was  fitted  to  the  shaft  at  A,  fig.  23,  and 
a  Prony  friction  brake,  having  an  arm  about  3  feet  long,  made  to  fit 
the  pulley.  A  spring  balance  reading  to  quarters  of  a  pound  was 
made  fast  at  one  end,  the  other  end  being  fastened  to  the  arm  of  the 
brake.  The  speed  of  the  shaft  was  found  to  be  too  great  to  be  taken 
by  a  recorder,  so  a  speed  counter  was  used.  By  turning  the  nuts  on 
the  under  side  of  the  brake  the  spring  balance  could  be  made  to  read 
any  desired  number  of  pounds,  and  thus  the  load  on  the  mill  could 
be  regulated.  By  holding  the  speed  counter  on  the  end  of  the  shaft, 
throwing  it  in  gear  at  the  beginning  of  a  mile  of  wind  and  throwing 
it  out  of  gear  at  the  end  of  the  mile,  the  number  of  revolutions  of  pul- 
ley was  found.  The  time  of  making  the  mile  was  also  noted,  from 
which  wind  velocity  was  found.  If  to  equal  the  number  of  revolu- 
tions of  pulley  per  mile  of  wind,  L  the  load  as  shown  by  spring 
balance  plus  load  of  arm,  and  R  the  length  of  brake  arm,  we  have 
the  number  of  foot-pounds  per  mile  of  wind :  Foot-pounds=L  u2  tt  H. 

In  fig.  27  are  given  four  curves  showing  the  relation  between  the 
number  of  foot-pounds  per  mile  of  wind  and  the  wind  velocity  for 
four  loads,  namely,  G  pounds,  4  pounds,  2  pounds,  and  0  pounds. 
These  curves  are  constructed  in  the  same  way  as  those  of  figs.  4,  8,  9, 
11,  13,  15,  16,  18,  and  20,  by  drawing  a  smooth  curve  among  a  series 
of  points  whose  ordinates  are  found  from  the  above  equation  and 
whose  abscissas  are  the  observed  velocity  of  wind,  so  as  to  have  about 
as  many  points  on  one  side  as  on  the  other.  The  left,  or  steep  part, 
of  each  curve  is  the  most  difficult  to  determine,  and  has  a  less  degree 
of  accuracy  than  the  rest  of  the  curve ;  owing  to  the  velocity  being 
low,  several  minutes  are  necessary  to  make  a  mile,  and  the  wind  may 
vary  considerably  during  this  time.  It  may  be  nearly  an  average  all 
the  time  and  the  mill  scarcely  move,  ox  it  may  be  twice  as  rapid  the 
latter  half  of  the  time  as  the  first  half,  and  the  number  of  revolutions 
for  the  same  mean  velocity  will  be  quite  different  in  the  two  cases. 

Another  reason  why  the  steep  part  is  less  accurate  is  that  a  very 
little  movement  to  the  right  or  left  of  this  portion  will  change  the 
number  of  foot-pounds  much  more  than  in  any  other  part  of  the  curve. 
The  curve  A  B  is  for  no  brake  load.  The  brake  was  off  the  pulley; 
no  useful  work  was  being  done,  but  the  resistance  of  the  moving  parts 
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of  the  mill  was  being  overcome.  The  pull  necessary  to  overcome  this 
resistance  was  found  by  standing  on  the  platform  of  the  mill  and  pull- 
ing the  wind  wheel  around  at  uniform  low  speed  with  a  spring  balance. 
This  was  checked  by  winding  a  cord  round  the  circumference  of  the 
wind  wheel,  and,  standing  on  the  ground,  moving  the  mill  when  there 
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was  no  wind  by  pulling  on  the  spring  balance  attached  to  this  cord.  A 
pull  of  1  ^  pounds  applied  at  the  circumference  (6  feet  from  center  of 
wind  wheel)  was  sufficient  to  overcome  this  resistance  at  a  low  veloc- 
ity. Since  the  brake  pulley  is  geared  forward  6  to  1,  the  number  of 
foot-pounds  per  revolution  of  brake  pulley  necessary''  to  overcome  this 
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resistance  is  7.9.     The  number  of  foot-pounds  per  mile  of  wind  for 
other  velocities  is  then  easily  found  from  speed  of  brake  pulley. 

The  greater  part  of  this  curve,  A  B,  fig.  27,  is  seen  to  be  a  nearly 
horizontal  straight  line,  the  number  of  foot-pounds  per  mile  of  wind 
required  to  run  the  machinery  being  nearly  constant.  The  other 
three  curves  of  this  plate  are  for  useful  work  only;  the  useless  work 
is  not  included  in  them.  The  highest  i)oint  of  these  curves  is  seen  to 
rise  and  move  to  the  right  as  the  load  increases,  and  the  part  to  the 
right  of  the  highest  point  is  seen  to  become  more  and  more  steep  as 
the  load  increases.     A  broken  line,  A  K,  has  been  sketched  tangent 
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Fio.  28.— Diagram  showing  horsepower  for  different  loads  of  Mill  No.  27. 

to  these  curves.  It  is  the  envelope  of  them  and  is  concave  to  the  hor- 
izontal coordinate  axis.  It  would  give  the  relation  between  foot- 
I)ounds  per  mile  of  wind  and  wind  velocity  if  the  load  could  be 
increased  as  the  velocity  increases. 

Fig.  28  shows  the  relation  between  the  horsepower  and  the  wind 
velocity  for  the  four  loads — 6  pounds,  4  pounds,  2  pounds,  and  0 
I)ounds.  They  are  obtained  from  the  curves  of  fig.  27  by  reduc- 
ing foot-pounds  per  mile  of  wind  to  horsepower;  that  is,  for  any 
velocity  of,  say,  10  miles  per  hour  and  load  of,  say,  2  pounds,  divide 
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the  ordinate  a  b,  fig.  27,  by  f  ^  (the  number  of  minutes  required  to 
make  the  mile),  and  by  33,000,  and  we  have  the  corresponding  ordi- 
nate a'  b'  of  fig.  28. 

It  is  seen  from  these  curves  that  for  any  brake  load  the  power  of 
the  mill  increases  rapidly  as  the  wind  velocity  increases,  and  reaches 
a  maximum  for  some  velocity  greater  than  30  miles  per  hour.  As  the 
load  increases,  the  velocity  required  to  start  the  mill  increases  rapidly 
and  the  curve  becomes  more  steep.  For  a  given  wind  velocity  the 
power  increases  rapidly  as  the  load  increases.  For  a  velocity  of  30 
miles  the  power  is  nearly  proportional  to  the  load  for  loads  less  than 
6  pounds.  It  is  seen  that  when  the  velocity  is  less  than  12  miles  a 
4-pound  load  is  too  great,  and  when  the  velocity  is  less  than  19  miles 
a  6-pound  load  is  too  great.  The  dotted  curve  D  K,  which  is  the 
envelope  of  these  curves,  gives  the  relation  between  power  and  wind 
velocity  for  a  constantly  increasing  load.  It  is  seen  that  there  would 
be  a  great  saving  of  power  by  the  use  of  a  device  which  would  auto- 
matically increase  the  load  as  the  velocity  increases.  The  horsepower 
would  then  be  given  by  the  curve  D  K,  instead  of  by  one  of  the  other 
curves. 

Results  of  computations  of  power  mills. 
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TOTAL  ENERGY  OP  THE  WIND. 


The  curve  A  B  shows  the  relation  betweeA  wind  velocity  and  the 
total  horsepower  possessed  by  the  wind  at  the  temperature  of  46°  F. 
and  the  barometric  pressure  of  28.9  inches.     It  is  found  from  the  reld- 

tion  IIorsef)ower=^  A  -     where  w  is  the  weight  per  cubic  foot  of 
air  at  this  temperature  and  pressure,  A  the  vane  area  equals  72.9 


MURPHY.] 


DISCUSSION  OP   RESULTS. 


45 


sc[UHre  feet,  V  the  velocity  of  wind  in  feet  per  second,  and  g  the  accel- 


eration of  gravity,     w  was  found  from  the  formula  w=  -_--    w^ 

Po 


T, 


LOAD  IN  POUNDS  ON  SPRING  BALANGB. 
0  2  4  6 


8 


in  which  To  =  273°  C,  Wq  =  .0807  pounds  per  cubic  foot,  Po  =  U.7 
pounds  per  square  inch,  T  =  281°  C,  p  =  28.9  inches,  and  C  =  the 
temperature  expressed  in  centigrade  degrees.  Substituting  these 
values.  Horsepower  =  .00021  V. 

EFFICIENCY   OK  MILL. 

By  dividing  any  ordinate  of  a  load  curve  by  the  corresponding 
ordinate  of  this  curve  A  B,  we  have  the  efficiency  of  the  mill  for  this 
load  and  velocity  of  wind. 
It  is  easily  seen  that  the  effi- 
ciency increases  as  the  veloc- 
ity decreases  and  as  the  load 
increases.  The  maximum 
efficiency  is  given  by  the  ratio 
of  the  ordinate  of  the  dotted 
curve  to  the  corresponding 
ordinate  of  curve  A  B.  This 
efficiency  for  a  load  of  2 
j)ound8  and  a  velocity  of  9 
miles  per  hour  is  40  per  cent, 
using  as  wind  area  the  sum 
of  the  areas  of  the  fans.  At 
14  miles  with  a  load  of  4 
pounds  it  is  36  per  cent.  If 
the  load  at  this  velocity  be 
reduced  to  2  pounds  the  effi- 
ciency is  reduced  to  24  per 
cent. 

Fig.  29  shows  the  relation 
between  load  and  number  of 
revolutions  of  the  brake  pul- 
ley for  velocities  of  8,  12,  16,     ^'^'  ».-pii«i^m8howingrelationl»tweennnml»rof 

•^  J        7       J        revolutions  of  brake  pulley  i)er  minute  and  load  for 

20,  25,  and  30  miles  per  hour.        different  wind  velocities  for  Mill  No.  27. 

It  shows  how  much  the  speed  is  reduced  by  a  given  change  of 
load.  It  is  seen  that  for  a  velocity  of  8  miles  per  hour  changing 
the  load  from  0  to  2  pounds  reduces  the  speed  60  per  cent.  When 
the  velocity  is  12  miles,  changing  the  load  from  0  to  2  pounds  reduces 
the  speed  about  17  per  cent,  and  changing  from  2  to  4  pounds  reduces 
it  nearly  50  per  cent.  When  the  velocity  is  16  miles,  changing  the 
load  from  0  to  2  pounds  changes  the  speed  very  little.  When  the 
velocity  is  20  miles,  the  speed  remains  about  const-ant  for  2  and  4 


> I.  p.  Churches  Mechanics  of  Engineering,  p.  611,  John  Wiley  &  Sons,  New  York.    Table 
giving  results  of  computations  of  power  mills. 
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pounds;  at  25  and  30  miles  the  speed  remains  neariy  constant  for 
loads  from  2  to  6  pounds. 

MATHEMATICAL    RELATION    BETWEEN    WIND    VBLOCrTY   AND    P0W2R. 

The   relation   between  wind   velocity   and   power  of  windmill  is 

expressed  graphically  by  the  curves  of  fig.  28.     The  mathematical 

expression  of  this  relation  is  given  by  Mr.  A.  R.  Wolff  on  page  30  of 

his  book,  The  Windmill  as  a  Prime  Motor,  as  Lv  (or  foot-pounds  per 

s  Ic  c'  d      /^  •             V  ^ 

second)  = vf  sin  a cos  a  \  cos  a,  where  v= velocity  of 

fan,  s=surface  of  fan  in  feet,  c=velocity  of  wind  in  feet  per  sec- 
ond, L=U8eful  wind  pressure  on  fan,  d=density  of  wind,  g=accel- 
eration  due  to  gravity,  k  is  a  coefficient,  and  a=the  angle  that  the 
wind  makes  with  surface  of  fan.  It  is  seen  that  for  a  given  wind 
velocity,  density  of  air,  and  wind  area,  this  expression  for  useful 
work  is  a  function  only  of  the  velocity  of  the  moving  fan ;  it  is  not  a 
function  of  the  load  on  the  mill.  Fig.  29  shows  that  for  a  wind 
velocity  of  30  miles  per  hour,  and  with  a  nearly  constant  velocity 
of  wind  area  (v  in  the  above  formula),  the  load  can  be  more  than 
double,  and  thus  the  power  more  than  doubled.  It  is  evident,  then, 
that  however  well  this  formula  may  give  the  power  of  the  old  Dutch 
mill  or  other  modern  mills  not  back  geared,  it  gives  results  verj'  much 
in  error  for  a  steel  back-geared  mill.  Judging  from  the  results  of 
these  tests,  a  formula  giving  the  power  of  a  steel  back-geared  mill 
should  contain  a  factor  which  varies  as  the  load  on  the  mill  varies. 

GENERAL  CONCLUSIONS. 

1.  The  pumping  power  of  windmills,  or  the  useful  work  they  do 
when  raising  water  with  reciprocating  pumps  of  sizes  from  4  to  10 
inches  diameter,  is  small — not  greater  that  0.65  of  1  horsepower  for 
12-foot  mills,  and  much  less  than  that  claimed  for  them  by  some  wind- 
mill makers. 

2.  The  pumping  power  of  windmills  made  for  irrigating  purposes 
is  much  greater  than  that  of  those  which  have  been  used  for  raising 
water  for  stock  purposes. 

3.  The  pumping  power  of  the  steel  back-geared  mills  is  greater  than 
that  of  the  wooden  mills  working  with  direct  stroke. 

4.  The  power  of  the  Jumbo  mill  is  much  less — except  for  very  high 
wind  velocities — than  that  of  the  steel  back-geared  mills. 

5.  Well  points  produce  a  greater  load  on  a  windmill  for  a  given  lift 
and  quantity  of  water  than  open  wells. 

6.  Perhaps  the  most  important  result  shown  by  these  tests,  and  one 
that  has  not  been  clearly  shown  before,  as  far  as  the  writer  has  seen,^ 


» Abstract  of  paper  on  '*  WindmUls  for  raising  water,"  by  J.  A.  Griffiths:  Proc.  Inst  CSnl 
Eng..  Vol.  119, 1895,  p.  16. 
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is  the  influence  of  load  on  mill,  or  number  of  foot-pounds  per  stroke 
0^  pump  on  the  power  of  a  mill.     The  influence  of  this  load  factor  on 
^te  power  can  be  seen  by  comparing  the  power  of  two  pumping  mills 
of  the  same  diameter  whose  loads  differ  considerably;  but  it  is  much 
^tter  shown  by  the  tests  of  Power  Mill  No.  26.     These  tests  show  that 
'p^  high  velocities — 25  or  30  miles — the  power  is  very  nearly  propor- 
tional to  the  load  on  the  mill.     For  30  miles  per  hour,  a  brake  load  of 
^  pounds  gave  0.54  horsepower;  a  4-pound  load,  1.09  horsepower;  and 
*  ^-X)ound  load,  1.55  horsepower.     The  influence  of  this  factor  on  the 
power  is  so  great  that  if  it  is  not  properly  taken  into  account,  it 
obscures  the  influence  of  resistance  of  well  points  and  the  working  of 
halves  of  pump  or  the  efliciency  of  the  pump. 

7.  Another  fact  brought  out  by  these  tests,  and  which  follows  as  a 
Result  of  the  previous  ones,  is  that  there  should  be  some  automatic 
device  for  increasing  the  load  on  a  mill  as  the  wind  velocity  increases. 
AVhen  the  velocity  is  low — say  6  miles  per  hour — the  load  should  be 
small  enough  to  enable  the  wind  wheel  to  run  at  a  rapid  rate — the  rate 
for  maximum  power — and  then  as  the  wind  velocity  increases  the  load 
should  be  increased,  so 
as  not  to  allow  the  wheel 
to  run  at  a  higher  speed. 
This  is  a  very  promis- 
ing field  for  the  inven- 
tor. 

8.  If  the  load  can  not 
be  automatically  in- 
creased as  the  wind  ve- 
locity increases,  then 
the  question  arises, 
What  is  the  proper  or 
most  economical  load? 
This  depends  on  the  ve- 
locity of  the  wind  each 
month  at  the  given 
place.  During  the 
months  of  July  and 
August  there  are  a  greater  number  of  hours  of  low  wind  velocity  than 
during  any  other  two  months  of  the  year.  The  load  should  be  light 
during  these  months  for  the  greatest  power.  If  the  wind  velocity  is 
known,  and  the  mill  is  one  of  the  sizes  and  makes  shown  in  the  dia- 
grams, the  proper  load  can  easily  be  computed.  The  mills  in  the 
vicinity  of  Garden,  Kansas,  would  do  more  useful  work  if  more  heavily 
loaded. 

It  is  seen  that  the  useful  work  that  a  windmill  will  do  when  work- 
ing under  a  constant  load  at  all  velocities  is  small,  the  horsepower 
varying  as  the  first  power  of  the  velocity.     By  some  device  for  auto- 


Fia.90.— Diaf^tim  of  forces  acting  on  vane  of  mill. 
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matically  increasing  the  load  as  the  wind  velocity  increases,  the  power 
may  be  much  iticreased  at  high  velocities,  and  will  then  vary  as  the 
second  power  of  the  velocity.  Even  with  this  device  for  increasing 
power  there  is  still  a  great  difference  between  the  power  possessed 
by  the  vnnd  and  the  power  developed  by  the  mill,  and  this  difference 
increases  as  the  velocity  increases. 

The  reason  why  the  windmill  utilizes  so  small  an  amount  of  the 
energj'^  of  the  wind  may  be  seen  from  the  following :  Let  A  B,  fig.  30, 
be  a  strip  taken  from  the  outer  end  of  one  fan  of  a  windmill.  It  is 
curved,  but  for  this  purpose  it  may  be  considered  a  plane.  This  strip 
makes  an  angle  a  with  the  absolute  direction  of  the  wind.  C  rep- 
resents the  amount  and  direction  of  the  wind;  V  represents  the 
amount  and  direction  of  the  velocity  of  the  surface  A  B.  Then  the 
relative  velocity  of  the  wind — that  is,  its  velocity  with  respect  to  the 
moving  surface  A  B — is  V,  the  diagonal  of  the  parallelogram  con- 
structed on  V  and  C  as  sides,  V  makes  an  angle  fi  with  the  sloping 
surface  A  B.  If  V=0 — that  is,  if  the  wheel  is  held  so  that  it  can 
not  revolve — the  angle  /6f=a.  As  V  increases  ft  grows  less  and 
less,  and  finally  becomes  zero,  in  which  case  Y'  is  parallel  to  surface 
A  B.  In  this  case  the  surface  receives  no  pressure  from  the  wind— 
this  portion  of  the  fan  is  not  utilizing  any  of  the  energy  of  the  wind. 
If  V  be  still  further  increased,  (i  becomes  negative,  and  the  wind  pres- 
sure is  on  the  opposite  side  of  A  B.  This  portion  of  the  fan  is  then 
doing  work  on  the  wind  instead  of  the  wind  doing  work  on  the  fan. 
The  effective  wind  area  of  a  fan  being  the  projection  of  the  fan  on  a 
plane  at  right  angles  to  the  relative  velocity  of  wind  over  it — that  is, 
to  V — it  is  seen  that  as  V  increases  the  effective  wind  area  decreases. 
The  energy  which  the  fan  takes  from  the  wind  is  proportional  to  the 
effective  wind  area.  It  is  seen,  then,  that  this  reduction  of  effective 
wind  area  is  the  reason  why  the  efficiency  is  low  at  high  velocities.  If 
this  effective  wind  area  could  be  kept  constant  by  some  device  for 
changing  the  angle  of  the  fans,  the  relation  between  wind  velocity  and 
horsepower  might  vary  nearly  as  the  third  power  of  the  wind  velocity. 

In  this  discussion  we  have  not  taken  into  account  the  reduction  of 
wind  area  due  to  the  wind  wheel  swinging  out  of  the  wind,  or  "regu- 
lating." The  mill  can  be  built  strong  enough  so  that  it  will  not  need 
to  regulate  for  velocities  less  than  30  miles  an  hour. 
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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 

Washington,  AprU  13,  1897, 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled, 
'Irrigation  near  Greeley,  Colorado,"  and  to  recommend  that  it  be 
)ublished  in  the  series  of  water-supply  and  irrigation  papers.  The 
itatements  therein  contained  have  been  compiled  from  a  report  pre- 
pared by  Hon.  David  Boyd,  of  Greeley,  Colorado,  one  of  the  early 
nembers  of  Union  Colony,  which  was  led  by  Nathan  C.  Meeker  and 
^ven  encouragement  and  prominence  by  Horace  Greeley.  In  a  short 
)aper  of  this  kind  it  is  impossible  to  go  into  the  details  of  the  strug- 
gles of  this  colony  for  existence  and  of  the  development  of  agricul- 
ure  and  of  a  system  of  water  control  whose  leading  features  have 
)een  widely  copied.  The  attempt  has  been  made,  however,  to  present 
he  more  prominent  facts  and  those  of  most  interest  and  value  to  the 
dtizens  of  the  West  who  are  now  following  in  similar  paths  and  seek- 
ng  to  lay  the  foundations  for  broad  and  lasting  systems  of  water  util- 
zation  and  control  by  which  the  rights  of  all  may  be  determined  and 
)rotected. 

The  paper  by  Mr.  Boyd  is  prefaced  by  an  introduction,  compiled 

'rom  the  records  of  this  division  and  from  other  sources,  to  illustrate 

he  climatic  and  topographic  conditions  of  Cache  la  Poudre  Valley,  in 

irhich  Greeley  is  situated,  and  also  the  limitations  of  water  supply, 

ince  it  is  upon  the  latter  that  the  question  of  growth  and  develop- 

oent  must  rest.     The  evolution  of  systems  for  obtaining  and  applying 

crater  to  the  agricultural  lands  and  of  the  complicated  laws  and  reg- 

ilations  are  in  striking  contrast  to  the  quiet,  almost  imperceptible 

levelopment  of  irrigation  in  southern  New  Mexico,  to  be  described  in 

he  next  paper  of  this  series.     A  comparison  of  the  two  illustrates  the 

preat  differences  existing  between  various  portions  of  our  Western 

country  and  the  impossibility  of  transferring  local  practices  from  one 

[>oint  to  another  irrespective  of  natural  conditions. 

Very  respectfully, 

F.  H.  Newell, 

HydrograpTier  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 


IRRIGATION  NEAR  GREELEY,  COLORADO. 


By  David  Boyd. 


INTRODUCTION. 
By  F.  H.  Newell. 

In  the  following  paper  by  Mr.  Boyd,  a  description  is  given  of  the 
growth  and  development  of  irrigation  in  the  valley  of  Cache  la  Poudre 
Creek,  in  the  northern  part  of  Colorado.  In  this  valley  the  best 
known  town  is  Greeley,  and  hence  this  paper  has  been  entitled  **  Irri- 
gation near  Greeley,"  as  being  most  expressive  of  the  location  and 
character  of  the  irrigation  S3'stem  and  methods  described. 

Omitting  the  great  Pacific  Coast  State  of  California,  which  lies  for 
the  most  part  outside  of  the  strictly  arid  region,  it  may  be  safely 
claimed  that  Colorado  stands  preeminent  in  the  extent  and  high 
degree  of  development  of  agriculture  by  irrigation.  Here  what  may 
be  termed  American  methods  and  devices  for  diverting  and  applying 
water  to  the  fields  have  grown  up,  ajid  the  success  attained  has  stim- 
ulated attempts  elsewhere  throughout  the  Western  third  of  the  United 
States.  The  same  relation  that  Colorado  holds  to  the  rest  of  the  arid 
region  is  borne  by  the  Cache  la  Poudre  Valley  to  the  State  of  Colo- 
rado. It  has  for  many  years  led  in  the  construction  and  extension 
of  irrigation  systems,  and  its  history  may  be  said  to  epitomize  the 
record  of  struggles  and  successes  throughout  the  State. 

The  development  of  irrigation  is  not  merely  the  result  of  a  succes- 
sion of  victories  over  physical  or  material  obstacles.  In  our  country 
these  form  but  a  part — and,  unfortunately,  often  a  relatively  small 
part — of  the  difficulties  encountered  by  the  irrigator.  By  far  the 
most  vexatious  and  expensive  impediments  to  be  removed  have  been 
those  arising  from  the  inapplicability  of  our  laws  and  customs  to  the 
conditions  prevailing  within  the  arid  region.  Every  instinct  acquired 
through  generations  of  life  in  a  humid  country  seems  to  rebel  against 
the  methods  of  the  irrigator,  and  every  tradition  of  law  is  in  direct 
opposition  to  the  proper  employment  of  the  natural  waters.  These 
instincts  and  traditions  have  had  to  be  laboriously  demolished,  usu- 
ally after  severe  struggle,  and  the  series  of  contests  appears  a  never- 
ending  one.    There  is  little  doubt  that  if  it  were  possible  to  sum  up 
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in  one  column  the  total  expense  incurred  in  the  irrigation  and  recla- 
mation of  the  West,  and  in  another  column  the  costs  due  to  defective 
legislation,  and  especially  to  controversies  over  conflicting  water 
rights,  the  latter  would  prove  to  be  far  the  larger. 

As  in  the  development  of  her  water  resources  Colorado  has  led  the 
greater  part  of  the  West,  so  in  the  attempts  to  effect  a  suitable  judi- 
cial and  executive  system  having  to  do  with  water  has  this  State  been 
the  pioneer.  It  can  not  be  said  that  Colorado  has  been  the  most  sne- 
cessful,  for  newer  States,  notably  Wyoming,  profiting  by  her  experi- 
ence, have  achieved  what  seem  to  be  more  perfect  systems;  but  their 
happiness  in  this  regard  is  due  largely  to  exertions  of  citizens  of 
Colorado. 

In  the  same  way  that  Colorado  has  led  in  improvements  in  legisla- 
tion have  the  citizens  of  Greeley  and  vicinity  been  the  leaders  in  Col- 
orado. First  to  experience  the  necessities,  they  have  been  at  the 
front  in  urging  needed  reforms,  and  in  these  they  have  been  notably 
successful.  Thus  it  is  appropriate  in  a  series  of  papers  devoted 
mainly  to  irrigation  to  review  at  some  length  the  conditions  near 
Greeley,  for  from  here  have  come  many  initiatives  to  a  proper  state 
of  affairs. 

Considerable  space  is  devoted  in  this  paper  to  matter  which  at  first 
sight  may  seem  to  be  more  peculiar  to  the  lawyer  than  to  the  farmer, 
but,  as  above  stated,  the  irrigator  is  called  upon  probably  more  than  any 
other  agriculturist  to  consider  his  legal  environment.  Although  a 
beginning  has  been  made,  yet  many  years  must  elapse  before  the 
laws  relating  to  irrigation,  both  State  and  national,  fuDy  recognize 
the  necessities  of  the  irrigator  or  permit  such  a  development  that  the 
greatest  good  shall  come  to  the  greatest  number.  In  a  government  by 
the  people  and  for  the  people  it  is  essential  that  every  man  become  to 
a  certain  extent  familiar  with  such  defects  before  they  can  be  reme- 
died, as  well  as  with  the  physical  possibilities  and  limitations  of  his 
country. 

There  is  no  way  in  which  these  matters  can  be  brought  more  clearly 
to  the  attention  of  the  voter  and  farmer  than  by  relating  the  experi- 
ences of  other  men  in  their  struggles  for  existence.  In  nearly  eveiy 
State  there  are  still  to  be  made  great  and  even  fundamental  changes 
in  the  laws  relating  to  the  control  of  water  before  the  water  resources 
can  be  fully  utilized.  The  perplexities  and  even  the  mistakes  of  the 
pioneers  teach  most  valuable  lessons,  for  in  many  other  States  these 
conditions  are  not  yet  outgrown.  Happy  will  their  citizens  be  if  they 
can  utilize  the  costly  experience  of  others  without  paying  the  high 
price. 

LOCATION  AND  TOPOGRAPHY. 

The  State  of  Colorado  comprises  within  its  limits  the  headwaters  of 
both  the  North  and  South  Platte,  the  Arkansas,  Rio  Grande,  San 
Juan,  Grand,  and  White  rivers.     For  convenience  of  water  adminifl- 
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trai^ion,  the  State  has  been  divided,  as  described  on  a  later  page,  into 
six:  ^reat  divisions,  corresponding  to  these  large  drainage  basins  indi- 
cated on  the  map  (fig.  1)  by  roman  numerals.  These  in  turn  have 
been  divided  into  districts,  and  numbers  have  been  arbitrarily  assigned 
to  t^liese,  as  shown  by  the  map.  Of  these  districts,  the  one  discussed 
^  tiliis  paper  is  numbered  3,  and  includes  Cache  la  Poudre  Creek, 
oi^e  of  the  principal  tributaries  of  South  Platte  River. 

On  tlie  map  the  outlines  of  the  water  districts  are  indicated  by 
^glxt  broken  lines  and  those  of  the  large  divisions  by  heavy  dotted 
^i^es.  These  latter  follow  the  mountain  summits  or  main  divides, 
^e  line  between  divisions  Nos.  I  and  II  and  those  to  the  west  being 


Fia.  1.— Map  of  water  divisions  and  districts  of  Colorado. 


along  the  continental  watershed.  This  line  thus  marks  the  higher 
mountain  ranges,  which  rise  to  altitudes  of  from  9,000  to  over  13,000 
feet.  From  these  high  crests  the  streams  flow  in  all  directions,  those 
upon  the  east  uniting  to  form  the  Arkansas,  or,  north  of  this,  the 
South  Platte.  The  latter  stream,  after  debouching  from  its  canyon 
some  12  miles  south  of  Denver,  pursues  a  nearly  northerly  course 
until  it  reaches  Cache  la  Poudre  Creek,  some  52  miles  by  rail  north 
of  Denver  and  4  miles  east  of  Greeley.  Near  Denver  it  receives, 
from  the  mountains  to  the  west.  Clear  Creek;  30  miles  farther  down, 
the  St.  Vrain;  and  10  miles  still  farther,  the  Big  Thompson.  Cache 
la  Poudre  Creek  is  the  last  i)erennial  tributary  received  by  South 
Platte  River  before  it  joins  the  North  Platte  in  Nebraska.    The  name, 
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originally  Cache  a  la  Pond  re,  signifies  hiding  place  for  the  powder. 
In  local  usage  it  is  often  still  further  shortened  to  Poudre  Creek. 

These  tributary  streams  above  named  head  some  75  or  100  miles 
back  of  the  foothills  among  mountain  i>eaks  many  of  which  are  over 
14,000  feet  high.  Their  flow  is  small  during  the  seven  months  of  the 
year  commencing  with  September  and  ending  with  March.  The  dis- 
charge of  the  larger  ones  during  these  months  rarely  exceeds  100 
second-feet  or  falls  much  below  50. 


CMMtaeif^, 


Flo.  2.— Map  of  Cache  la  Poudre  Valley. 

A  small  map,  fig.  2,  shows  the  principal  streams  and  drainage 
channels  tributary  to  Cache  la  Poudre  Creek,  and  also  exhibits  the 
relative  position  of  the  towns.  On  the  west  the  drainage  basin  extends 
well  into  the  high  mountains,  from  which  a  considerable  proportion 
of  the  rain  and  snow  falling  upon  the  steeper  slopes  escapes  to  the 
stream.  In  the  center  of  the  basin  is  the  belt  of  foothill  region,  and 
in  the  eastern  third  the  undulating  area,  neither  plain  nor  foothill. 
From  this  come  a  considerable  number  of  drainage  lines,  the  princi- 
pal of  which  are  Boxelder  and  Lone  Tree  creeks.     These  and  other 
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channels  rarely  receive  water.  For  the  greater  part  of  the  year  their 
beds,  though  well-marked  features,  are  dry;  but  after  heavy  rains  or 
unusual  rain  storms — locally  known  as  "cloud-bursts'* — they  become 
filled  with  raging  torrents,  which  destroy  everything  in  their  paths. 
The  configuration  of  the  country  is  such  that  the  canals  from  the 
perennial  streams  must  cross  these,  necessitating  considerable  expend- 
iture in  the  construction  of  flumes  or  in  annual  outlay  for  repairs. 
A  glance  at  the  map  of  these  channels  and  of  the  canal  lines  crossing 
them  shows  the  well-marked  trend  toward  the  southeast  and  indicates 
that  any  excess  or  seepage  water  brought  by  the  canals  or  by  torrents, 
whether  flowing  above  ground  or  percolating  beneath,  must  ultimately 
reach  Cache  la  Poudre  Creek  at  points  not  far  from  its  mouth. 

The  streams  on  the  western  side  of  the  basin  flow  with  rapid  fall 
through  narrow  valleys.  At  the  point  marked  on  the  small  map  (fig.  2) 
with  a  dot  and  the  initials  G.  S.  (gaging  station)  the  river  leaves  the 
canyon  and  enters  upon  a  comparatively  broad  valley.  To  the  north 
of  the  stream  the  lands  below  this  point  are  low,  the  bottoms  varying 
in  width  from  half  a  mile  to  2  miles.  Above  these  are  in  succession 
two  or  three  well-defined  terraces  or  benches,  as  they  are  sometimes 
called.  The  soil  and  subsoil  of  these  are,  as  a  rule,  coarse  and  pervious, 
being  composed  largely  of  sands  and  gravels.  On  the  south  of  the 
river  the  valley  lands  are  narrow  and  restricted,  comparatively  small 
areas  being  available  for  agriculture. 

The  distance  from  La  Porte,  where  Cache  la  Poudre  Creek  enters 
the  foothills,  to  its  junction  with  the  Platte  is  about  32  miles  as  the 
railroad  runs.  It  is  some  8  miles  from  La  Porte  to  the  gaging  station 
at  the  mouth  of  the  canyon.  From  the  canyon  to  Chambers  Lake  it 
is  about  70  miles  by  the  road  as  it  winds  among  the  mountains.  This 
lake  is  near  the  head  of  the  Middle  Fork  and  is  fed  by  a  number  of 
small  streams,  the  altitude  of  the  lake  being  about  9,000  feet. 

RAINFALL. 

The  soils  of  the  valley  lands  are,  as  a  rule,  fertile  and  adapted  to 
the  production  of  crops  of  the  temperate  zone;  but  the  rainfall  is 
usually  deficient  in  amount,  and  can  not  be  relied  upon  to  supply 
sufficient  moisture  to  the  fields.  Agriculture  is  therefore  possible 
only  by  means  of  irrigation,  which  has  been  developed  to  a  high 
degree  of  efficiency,  although  falling  far  short  of  ideal  conditions. 
The  amount  of  rainfall  within  the  basin  of  Cache  la  Poudre  Creek 
has  been  measured  for  only  a  comparatively  short  time  and  at  a  few 
places,  these  being  at  the  towns  in  the  lower  part  of  the  valley.  To 
the  northeast  of  the  basin  a  series  of  measurements  have  been  carried 
on  at  Cheyenne,  Wyoming,  and  to  the  south  observations  have  been 
had  at  a  considerable  number  of  points,  th^se  being  mainly  at  the 
foothill  towns. 

The  principal  rainfall  stations  in  geographic  order  from  north  to 
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south  are  as  follows:  Cheyenne,  Wyoming;  and  Boxelder,  Livermore, 
Fort  Collins,  and  Loveland,  Colorado.  To  the  east  of  these  latteris 
Greeley,  at  the  lowest  point  in  tlie  valley.  The  locations  of  these 
places  are  showii  on  the  small  map  (fig.  2).  The  mean  annnal  nun- 
fall  at  Cheyenne,  the  elevation  of  which  is  abont  6,100  feet,  has  been 
from  1870  lo  1806  a  trifle  over  12^  inches;  the  minimum  rainfall,  lh»t 
of  1876,  was  5.03  inches,  and  the  maximum,  that  for  1883,  was  19.34 
inches.  The  distribution  by  years  is  shown  on  the  aecompaaying 
diagram  (fig.  3),  which  exhibits  by  the  height  of  the  black  coliimiu 
the  quantity  of  rain  for  each  year  from  1870  to  1895,  inclusive. 

The  record  of  precipitation  at  Boxelder  is  comparatively  short, 
extending  only  from  1890.  The  average  annual  precipitation  since 
that  time  has  been  a  little  less  than  16  inches.  At  Livermore  the 
record  is  fragmentai-y,  the  average  from  1889  to  1893  being  about  U 
inches.     At  Fort  Collins  the  record  is  longer,  b^inning  in  1873,  but 
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is  greatly  broken  until  aliout  1887.  The  annual  average  has  been  U 
inches.  The  irregularity  of  distribution  of  the  precipitation  is  well 
illustrated  by  the  diagram  in  PI.  II,  showing  the  monthly  precipitation 
for  the  years  1887  to  1896,  inclusive.  This  exhibits,  by  the  height  of 
each  column,  the  total  amount  of  rain  occurring  during  the  month, 
shown  by  the  lettering  at  the  top  of  the  diagram.  The  greatest  rain- 
fall in  any  one  month  was  that  of  May,  1892 — *,83  inches.  This  dia- 
gram exhibits  the  usually  heavy  rainfall  during  the  early  summer  and 
the  prevailing  winter  drouths. 

The  record  of  rainfall  at  Loveland  begins  in  1887,  being  fragmentary 
until  1891.  The  averageannualprecipitationhasbeenabout  12  inches. 
At  Greeley  a  less  amount  of  rain  is  indicated,  the  average  from  1887 
being  under  11  inches. 

The  following  table  allows  a  comparison  since  1887  of  the  annual 
rainfall  at  the  Ave  point*  wliere  the  record  is  longest.  The  figures 
included  in  parentheses  are  those  for  which  an  interpolated  value  has 
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loT  one  or  two  missing  months.  The  means  given  at  the 
he  table  are  not  the  averages  of  the  figures  above,  but  are 
the  monthly  means,  including  thus  portions  of  years  other- 


Ave: 


lal  rainfally  in  inches^  iirithin  or  near  Cache  la  Pondre  Basin, 


fair. 

Cheyenne 

Boxeldor. 

Fort 
Collins. 

12.12 
9.79 
14.48 
11.41 
17. 50 
15.45 
7.06 
12.36 
18.07 
15.76 

14.09 

Loveland. 

Greeley. 

(11.82) 
14.51 
14. 65 
14.47 
18.97 
13.50 
9.22 
12.98 
14.76 
20.73 

14.58 

(11.71) 
20.45 
13.37 

15.08 

7.03 

10.77 

16.17 

5. 04 
5.93 

13. 52 

19.8:3 
17.83 

1 - 

12.62 

15.88 

12.18 

10.71 

ribution  of  the  rainfall  by  seasons  is  somewhat  irregular, 
5St  amount  occurring  during  the  months  from  April  to 
elusive,  nearly  two-thirds  of  the  total  amount  for  the  year 
that  time.  This  fact  is  illustrated  by  the  following  table 
le  mean  monthly  precipitation  at  six  important  stations,  the 
ng  obtained  by  averaging  the  records  for  all  of  the  months 
ich  observations  were  kept.  In  the  column  on  the  right 
)  again  been  averaged  and  computed  in  parts  per  hundred 
ther  illustrate  the  distribution  by  months;  for  example,  the 
'  these  records  for  the  month  of  May,  assuming  that  they 
lual  weights,  shows  that  19.98  per  cent  of  the  total  precipi- 
the  year  has  occurred  during  that  month,  or,  in  other  words, 
f  the  total  amount  of  rain  fell  at  that  time.  Next  to  this 
f  with  13.08  per  cent  of  the  total  precipitation  of  the  year, 
lantity  of  rain  stand  April  and  June,  these  being  approxi- 
lal. 
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wto«<o«  at  specified  statum  in  Cotorodo. 
Mean  monthly  prectpttattonj^ ^ 


WATER  SUPPLY- 


of  water  supply  for  the  agricultural  taas 

The  principal  source  o  j^o^paratively  small  amomt 

near  Greeley  is  Ca«he  la  Poud-e^'^    ^    i„,pounded  storm  watersol 

being  derived  fr«J^:^«"«  ^J^^Xstream  haa  been  measured  at  th« 
intermittent  tributaries.     1  ^  ^1^^  observations 

point  where  it  1«»^««  *^*  "^^C^er  number  of  years  here  than  ou 
having  been  «««t™"«.^f '  ^^  region.    The  record  therefore  has  » 
any  other  stream  '«  *^«  "fluctuations  of  discharge  through  a  sen* 
peculiar  value,  giving  ^^^ .^j'' V       ^^^^^^^  i^  shown  on  the  smaU 
S  years.    The  position  of  the  gapng  This  is  above 

map  (fig.  2)  by  the  .^«*  ^^'^^litl^^^^  principal  exception 

nearly aU of  the  irngating Canada  ^^^^  ^^^  ^^ 

^,eing  the  North  Poud^Cana.wh^^  The  drainage  area  above  the 
mainly  in  the  ^^^^^y^l^^^^^^^^  planimeter  on  the  Land  Office  map. 
KXrtrrndTyr^g  is  loeo  square  miles/  a  region  ^J 

mountainous  in  character.  ^^^^  assembly  of  th( 

By  one  of  the  P«>^«*«" ^i^ch  5  1881,  the  office  of  State  hydrauU. 

SUte  of  Colorado,  »PP'*^f  .J^^^^^^r  wt  empowered  to  make  me« 

___ TZlZ^POTtotihi^  SUte  engineer  of  Colorado,  p.  W, » ' 

iThe  area  given  in  the  eecond  °*«^™    .rL  map  of  Colorado. 

a  First  report  of  the  State  engi 
1888.    Denver,  1888,  p.  !«• 
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his  measurements  computations  were  made  of  the  daily  discharge 
from  June  20  to  August  5.  It  was  found,  however,  that  the  act  was 
defective,  and  further  measurements  could  not  be  made  until  a 
remedy  was  provided.  During  1882,  therefore,  no  further  attempt 
was  made  to  ascertain  the  flow  of  the  stream. 

Early  in  1883  a  site  for  a  gaging  station  was  selected  on  what  was 

known  as  McBride's  preemption,  about  one-half  mile  above  the  mouth 

of  the  canyon  and  12  miles  above  Fort  Collins.     The  bowlders  were 

removed  by  blasting,  and  the  channel  was  cleared  out  and  straightened 

*8  well  as  was  found  possible  with  small  expenditure.     Gage  read- 

^^gs  were  continued  during  the  irrigation  season,  and  occasional 

'Measurements  were  made  of  the  velocity  by  means  of  an  eight- vaned 

Fteley  meter,  manufactured  by  Buff  &  Berger,  the  instrument  being 

provided  with  an  electrical  registering  device.     After  the  completion 

o^  ^ork  at  the  river  station  all  of  the  ditches  taking  water  from  Cache 

^*  Poudre  Creek  in  which  measuring  flumes  had  been  built  were 

Examined  and  computations  were  made  as  to  their  capacities  at  vari- 

^^8  heights  of  water. 

In  the  fall  of  1883,  after  the  river  had  subsided,  a  remeasurement 
^as  made  of  the  cross  section  of  the  channel,  and  it  was  found  that 
^his  had  changed  so  greatly  as  to  vitiate  the  original  computations, 
although  these  had  value  as  approximations.      Propositions  were 
^ade  to  the  ditch  owners  taking  water  from  this  river  that  they  fur- 
nish the  necessary  funds  to  build  a  permanent  measuring  flume  where 
a  self-recording  nilometer  could  be  installed.     By  volunteer  contri- 
butions the  sum  of  $1,650  was  obtained  and  used  in  the  construction 
of  a  measuring  flume  and  small  house  for  sheltering  the  instrument. 
These  preparations  were  completed  in  November,  1883.     In  March  of 
the  following  year  the  nilometer  was  placed  in  position  and  measure- 
ments of  velocity  were  begun.     It  was  found  necessary  to  use  for  this 
purpose  a  stouter  instrument,  as  the  stream  was  of  the  character  of  a 
torrent,  carrying  at  times  a  considerable  amount  of  drift.     The  instru- 
ment devised,  known  as  the  Colorado  current  meter,  has  been  in  suc- 
cessful operation  for  many  years  in  the  turbulent  waters  of  that  State.* 
The  record  was  continued  through  the  season  of  1885  and  1886.^    It 
was  noted  at  that  time  that  the  river  has,  in  common  with  all  moun- 
tain streams,  a  daily  variation  quite  marked  from  the  first  of  May  to 
the  last  of  October.     This  is  due  to  the  rapid  melting  of  the  snow  in 
mountains  under  the  influence  of  the  sun  during  the  daytime  and 
the  cessation  of  such   melting  at  night.     The    greatest  variation 
amounted  to  about  8  inches,  or  a  difference  of  1,500  second-feet. 


1  Second  Biennial  Report  of  the  State  Engineer  of  Colorado  (E.  S.  Nettleton),  for  the  years 
1883  and  1884,  pp.  6-8.  The  daily  discharge  was  computed  from  March  16  to  October  16, 1884. 
The  results  are  shown  on  pp.  84-91.    ThoR©  for  1883  were  not  printed. 

•Third  Biennial  Report  of  the  Stat©  Engineer  of  Colorado  (E.  8.  Nettleton),  for  the  years 
1885  and  1886,  pp.  55-57.  The  daily  discharge  was  computed  from  April  14  to  October  10, 1885, 
and  from  April  27  to  October  17, 1886,  pp.  qq.^, 
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DnriQg  May  the  point  of  maximum  discbarge  was  reached  about  1 
a.  m.  and  the  minimum  about  7  p.  m.,  the  time  becoming  later  as  the 
season  advanced.  By  tlie  last  of  July  the  maximum  flow. was  at  1 
p.  m.  and  the  minimum  at  3  a.  m.  Occasional  storms  also  increase 
the  volume  of  the  stream  rapidly,  that  on  the  night  of  May  20, 1884, 
cauaii^  it  to  increase  in  volume  from  3,153  second-feet  to  6,848  second- 
feet  in  eight  hours.  On  August  18,  1884,  the  river  rose  a  height  of 
nearly  &i  feet  in  thirty  minutes,  subsiding  almost  as  quickly. 

The  results  of  the  measurements  and  computations  made  dnringlSS? 
and  1888  were  not  given  numerically,  but  are  expressed  graphically.' 
For  the  succeeding  years,  1989  and  1830,  the  station  was  maintained 
in  part  by  the  Division  of  Hydrography  of  the  United  States  Geolog- 
ical Survey.  About  that  time  the  station  was  found  to  be  in  poor  con- 
dition, the  plank  flooring,  resting  on  piling,  having  become  bulged  SDd 


.— DlBgrun  HliowlCK  doUr  disclurge  ot  Cache  la 


Creek  tor  UBi 


rotted,  80  as  to  necessitate  its  removal.  The  walls  of  timber  and  plant 
gave  way,  resulting  in  gradual  change  of  the  cross  section.  Thus  tlie 
results  did  not  possess  the  accuracy  possible  while  the  section  was  in 
good  order.' 

On  June  9, 1691,aheavy  flood  in  the  river,  occasioned  by  the  break- 
ing of  Chambers  Lake  dam,  destroyed  the  registering  apparatus  belong- 
ing to  the  State  of  Colorado,  and  another  instrument  was  snbstituKd 
by  Prof,  L.  G.  Carpenter,  of  the  Agricultural  College  at  Fort  Collins.' 

ae)  ror  Uie  reus  IMul 


:it  tbe  Stat«  Engineer  of  Colondo  (J.  8 


I  Fourth  BlennlBl  Report  of 
18M,  in  two  p«rta:  PL  XV. 

■  Pltth  BieDiilkl  Report  of  the  SMCe  Engineer  ot  Colondo  (J.  P.  Huwell)  tor  the  jmnJXBiii 
WK.  The  renilta  ot  compntationB  of  daily  dlachmi^e  for  ISSt  ue  ElTen  on  page  B  and  Uhh  toe 
UaOoDpageiS. 

>  Sixth  Biennial  Report  of  the  SUM  Englaeer  ot  Colorado  (J.  P.  HaiweU)  for  the  rears  UVIud 
1H«  p.  IS.  Beanlta  of  the  compntatlooB  nf  dallr  discharge  tor  18S1  are  given  on  page  S,  uni 
those  tar  IMS  on  page  23.  Also,  see  Colorado  AgrlcultnTal  Experiment  Station  BnlleUn  Ko.  A 
PrellmlnarT  report  on  the  datr  of  vater,  L.  Q.  Carpenter,  p,  2E. 
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During  1893  and  1894  the  flow  of  water  was  reported  at  the  weir  in 
the  canyon  by  the  automatic  register.  The  results  are  given  in  thfe 
progress  report  of  the  Division  of  Hydrography.* 

During  the  succeeding  years,  1895-96,  occasional  measurements 
'W'ere  made  under  the  direction  of  Professor  Carpenter,  but  the  results 
have  not  been  made  public. 

DAILY  MEAN  DISCHARGE  OF  CACHE  LA  POUDRE  CREEK. 

The  following  tables  of  daily  mean  discharge  of  Cache  la  Poudre 
Creek  have  been  arranged  by  months  for  convenience  of  comparison 
of  the  amount  flowing  in  different  years.  The  figures  have  been 
obtained  from  the  following  sources: 

1881.  First  Biennial  Report  of  the  State  Engineer,  p.  16.  Discharge  computed 
from  June  20  to  August  5,  1881. 

1882.  No  measurements  were  made  during  this  year. 

1883.  Figures  not  published,  but  found  in  manuscript  in  the  office  of  the  State 
engineer.  The  discharges  from  March  23  to  May  3,  1883,  are  only  approximate, 
being  obtained  by  interpolation,  assuming  that  the  cross  section  did  not  change. 
Trom  May  4  to  July  4, 1883,  the  discharges  are  deduced  from  gage  reading  and 
are  claimed  to  be  close  approximations.  From  July  4  to  August  20  the  amount 
of  decrease  was  assumed  to  be  two-thirds  of  the  amount  of  decrease  per  day  from 
July  20  to  August  20. 

1884.  Second  Biennial  Report  of  the  State  Engineer  of  Colorado,  pp.  6-8,  84-91. 
Discharge  computed  from  March  15  to  October  16, 1884.  Figures  are  also  g^ven 
in  the  Third  Biennial  Report,  on  pages  61  to  67. 

1885.  Third  BiennitJ  Report  of  the  State  Engineer,  pp.  02-68.  Discharge  com- 
puted from  April  14  to  October  10,  1885. 

1886.  Third  Biennial  Report  of  the  State  Engineer,  pp.  62-68.  Discharge  com- 
puted from  April  27  to  October  17,  1886. 

1887.  Fourth  Biennial  Report  of  the  State  Engineer.  Figures  not  published. 
Diagram  on  PI.  XV.    Discharges  shown  from  March  18  to  October  23, 1887. 

1888.  Fourth  Biennial  Report  of  the  State  Engineer.  Figured  not  published. 
Diagram  on  PI.  XV.    Discharges  shown  from  March  14  to  October  23,  1888. 

1889.  Fifth  Biennial  Report  of  the  State  Engineer,  p.  22.  Discharge  computed 
from  January  1  to  December  31,  1889. 

1890.  Fifth  Biennial  Report  of  the  State  Engineer,  p.  23.  Discharge  computed 
from  January  1  to  December  31,  1890. 

1891.  Sixth  Biennial  Report  of  the  State  Engineer.  Discharge  computed  from 
January  1  to  December  31, 1891. 

1892.  Sixth  Biennial  Report  of  the  State  Engineer,  p.  23.  Discharge  computed 
from  January  1  to  April  17,  and  from  May  18  to  August  16,  1892. 

1893.  Progress  Report,  Bulletin  United  States  G^eological  Survey,  No.  131,  p.  31. 
Computations  from  May  11  to  August  31,  1893. 

1894.  Progress  Report,  Bulletin  United  States  Geological  Survey,  No.  131,  p.  31. 
Computations  from  May  2  to  November  30,  1894. 

1895.  Progress  Report,  Bulletin  United  States  Geological  Survey,  No.  140,  p.  112. 
Mean  monthly  discharge  only. 

1896.  Preliminary  figures  for  May  and  June.    By  L.  G.  Carpenter. 


1  United  States  Geologrical  Survey  Bulletin  No.  131,  Report  of  progress  of  the  DiTision  of 
Hydrography  for  the  calendar  years  1893  and  1894,  p.  31. 
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Estimated  daily  discharge,  in  second-feet,  of  Cache  la  Poudre  Creek  for  the  mM» 

of  January  and  Febrtiary, 


Day. 


Janu&ry. 


1889. 


1. 
2. 
3. 
4. 
5- 
6. 

I  . 

8. 

9. 
10. 
11. 
12. 
13. 
14- 
15. 
16. 
17- 
18. 
19- 
20. 
21- 
22. 
23- 
24. 
25. 
26. 
27. 
28. 
20. 
30. 
31. 


1890. 


Average 


71 
130 
130 

89 
HI 
115 

98 

8:^ 

108 
98 
134 
173 
193 
198 
183 
173 
164 
168 

243 

306 

324 

342 

255 

164 

146 

118 
89 

118 

108 

98 

73 


155 


45 
66 
69 

78 
101 
101 
83 
75 
59 
78 
86 
98 

104 

101 

101 

101 
78 
78 

81 

78 

76 

78 

83 

92 

73 

TS 

78 

83 

89 

87 

78 


1891. 


82 


86 

83 

61 

50 

50 

46 

44 

46 

52 

52 

66 

76 

76 

78 

86 

109 

109 

112 

145 

131 

131 

131 

145 

131 

131 
141 
115 

83 

88 

88 
109 


isaes. 


92 


70 

65 

54 

50 

52 

52 

50 

54 

60 

60 

60 

60 

58 

58 

54 

50 

50 

54 

56 

63 

72 

72 

72 

72 

72 

72 

72 

72 

83 

92 

98 


Pebruary. 


1889. 


64 


73 
75 
86 
101 
96 
92 
92 
122 
133 
130 
108 
111 
101 
75 
60 
71 
83 
108 
75 
89 
101 
101 
134 
ISO 
198 
198 
173 
142 


1890. 


1»1. 


104 
133 
137 
133 
104 
78 
75 
75 
88 
107 
104 
98 
86 
78 
73 
85 
75 
73 
69 
49 
43 
62 
49 
37 
49 
44 
52 
60 


131 

118 

100 

100 

89 

83 

66 

63 

66 

66 

68 

68 


66 

57 

57 

57 

57 

50 

66 

71 

73 

68 

83 

86 

86 

83 


m. 


110 


iiU| 


79 


« 
% 
% 
lOi 
IM 
101 

m 

UM 
112 
112 
12 

m 

115 
138 
128 
128 
158 
ISB 

IS 
IK 
1(0 
Iffi 
112 
112 
128 
128 
131 
128 
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Estimated  daily  discluirge,  in  second-feet,  of  Caclie  la  Potidre 

of  March, 


Creek  for  the  month 


Day. 


1. 
•> 

3. 
4. 
5. 
6. 

I  . 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 


1883. 


1884. 


1«88.  1889. 


UO 
100 


125 
104 
86 
78 
73 
58 
55 
55 
52 
52 
40 
41 
41 
41 
41 


1890. 

89 

104 

101 
92 
78 
71 
67 
65 
71 

58 

40 

47 

52 

52 

60 


vm.    18a« 


70 
63 
60 


128 
134 
134 


5Sj    128 
50     12! 


50 
55 

n 

68 

66 

66 

61 

55 

52 


106 
98 
82 
94 

ao 

60 
72 


72 


ti 


"••■ 

*" 

' 

M 
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nnrr 
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V 
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lO^O 
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Estimated  daily  discharge,  in  second-feet,  of  Cache  la  Poudrc  Creek  for  the  month 

of  March — Continued. 


Day. 

1883. 

16 

17 

1» 

19 

30 

21 

22 

23 

107 

254 

13:i 

159 

26 

185 

211 

28 

237 

363 

30 

389 

315 

Averaire 


1884. 


211 


71 
67 
62 
64 
78 
02 
48 
64 
70 
72 
76 
67 
55 
50 
03 
75 


1888. 


68 


100 

no 

130 
150 
110 

no 

130 
130 
150 
140 
120 
90 

no 

150 
130 
130 


1880. 


130 


42 
44 
47 
44 

43 
43 
47 
48 
46 
46 
43 
43 
43 
44 
47 
55 

54 


1800. 


85 

104 

101 

101 

101 

101 

107 

135 

114 

104 

101 

08 

98 

85 

78 

78 


85 


1801. 


52 
64 
54 
57 
63 
73 
76 
73 
70 
66 
57 
52 
46 
42 
40 
32 


1882. 


-I 


59 


40 
00 
72 
72 
72 
72 
72 
72 
67 
50 
SO 
50 
60 
50 
56 


78 


Eatrmated  daily  discharge,  in  second-feet,  of  Cache  la  Poudre  Creek  for  the  month  of 

April, 


1 

\ 
\ 

t 

Day. 

188;). 

1884. 

1885. 

1886. 

1888. 
130 

no 

100 
100 

no 

100 
100 

no 
no 

100 

no 

100 
100 
100 

no 

120 
130 
160 
170 
190 
320 
330 

:m 

330 
340 
300 
330 
310 
270 
260 

181 

1880. 

180a 

1801. 

1802. 

1. 

341 
367 
303 
419 
445 
471 
497 
523 
549 
576 
001 
627 
65!) 
678 
705 
731 
757 
783 
800 
835 
861 
887 
913 
941 
967 
993 
1.019 
1,016 
1,071 
1,097 

02 

76 

74 

71 

70 

08 

&5 

71 

7K 

78 

83 

93 

125 

115 

130 

120 

122 

180 

176 

174 

177 

301 

186 

379 

4^ 

535 

708 

702 

666 

602 

48 

48 

52 

67 

58 

65 

71 

78 

75 

68 

60 

69 

65 

70 

68 

TS 

88 

130 

132 

101 

101 

101 

101 

107 

146 

198 

237 

288 

342 

312 

73 

71 

09 

71 

73 

92 

107 

101 

98 

80 

08 

107 

122 

137 

137 

133 

133 

141 

178 

237 

343 

371 

300 

336 

456 

474 

481 

4a') 

373 
366 

30 

60 

50 

48 

48 

54 

50 

75 

86 

97 

109 

100 

103 

81 

71 

68 

7H 

134 

166 

166 

159 

159 

194 

214 

258 

206 

338 

323 

323 

344 

60 
67 
60 
60 
72 
72 
73 
72 
84 
92 
08 
08 
08 
98 
98 
112 
112 

2. 

3, 

*. 

.5_ 

a 

T 

H 

^ 

LO 

^X 

'^ 

l5i   

t4. 

241 
350 
274 
284 
314 
336 
358 
447 
410 
441 
398 
606 
659 
609 
634 
732 
822 

447 
416 

387 
369 

^n 

X€5 

>7 

18 

19 

ao 

21 

S2 

23 

24 

25 

28 

27 

28 : 

29 

30 

Average 

I 

718 

219 

447 

405 

113 

200 

144 

84 

22 


IRRIGATION   NEAR    GREELEY,  COLORADO. 
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EstimcUed  daily  discharge  j  in  second-feet  ^  of  Cache  la  Poudre  Creek  for  the  month 

of  May, 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

18 

U 

16 

18 

17 

18 

W 

20 

21 

22 

23 

24 

36 

26 

27 

28 

20 

30 

31 

Av 


1883. 


1,111 
1,148 
1,174 
1,040 
1,042 
1,362 
1,580 
1.848 
1,820 
1,707 
1,718 
1,776 
2,182 
1,868 
1,848 
1,842 
2,172 
2.390 
2,326 
2.201 
2,104 
2,288 
2,830 
2,855 
2,002 
1.014 
1,776 
1.838 
1,807 
1.808 
1,828 


1,883 


1884. 


601 

468 

486 

621 

477 

608 

621 

671 

866 

1,887 

1,846 

2.067 

1,878 

1,783 

1,897 

8,481 

3,738 

8,676 

8,022 

3,376 

5,308 

4,288 

3,988 

3,086 

3,608 

3,828 

4,882 

4,010 

4,215 

8,767 

8.687 


2,536 


1886. 


864 
1,020 
1,087 
1,165 
1,186 
1,237 
1,278 
1.268 
1,465 
1,488 
1,602 
1,522 
1,522 
1,522 
1,584 
1,557 
1,488 
1,420 
1,278 
1,280 
1,83d 
1.465 
1,545 
1.502 
1,523 
1,534 
1,476 
1,623 
X,  4W7 
1,664 
1.865 


1.418 


1886. 


404 
466 
625 
581 
817 
654 
724 
772 
873 
800 
873 
987 
808 
882 

805 
816 
987 
1,186 
1,465 
1,684 
1,886 
1.914 
2.046 
2,196 
2,407 
3,378 
2.509 
2,660 
2.584 
2,260 


1.808 


1887. 


1,160 
1,620 
1.910 
1.960 
1,910 
1.680 
1,840 
1,810 
1,830 
2.000 
2. 100 
2,380 


1,847 


1888. 


260 
270 
290 
250 
280 
370 
390 
810 
330 
800 
400 
360 
860 
400 
550 
740 
790 
660 
610 
560 
640 
490 
520 
530 
560 
560 
560 
530 
810 
760 
770 


484 


1889. 


283 

237 

214 

237 

282 

348 

324 

237 

237 

300 

254 

254 

307 

736 

908 

947 

000 

851 

807 

736 

822 

1,066 

1,062 

1,086 

1,147 

1,380 

1,364 

1,643 

1.486 

1,477 

1,886 


770 


1880. 


435 
484 
552 


764 

732 

638 

666 

728 

743 

80O 

836 

800 

729 

736 

807 

000 

1,078 

1,109 

1,186 

1,888 

1,582 

1,461 

1,405 

1.468 

1,583 

1,651 

1,710 

1,650 

1,510 

1,575 


1,044 


189L 


356 

894 

441 

565 

806 

1.063 

1,160 

1,280 

1,179 

1,044 

823 

906 

710 

766 

710 

970 

1.092 

1,180 

1.308 

1,350 

1.312 

1,355 

1.409 

1,858 

3,489 

3,378 

3,178 

1,979 

2,018 

2,044 


1,224 


1802. 


276 
282 

278 

270 

292 

388 

570 

618 

847 

1,067 

1.084 

1,067 

1,075 

872 


642 


1808. 


18M. 


217 
344 
278 
308 


1.047 
1,043 
920 
841 
870 
974 
876 
813 
878 
1,107 
920 


763 


4ie 

481 

483 

57S 

«3 

793 

l.(B7 

1,290 

1.S0B 

1,246 

i,asi 

1.453 

1. 

1, 

\.m 
i,as6 

1.315 
1.607 
1.842 
2.QS1 
1,771 
1.5ft 
1.3(6 
1.483 
1,650 
1,817 

\,m 

2.151 
2,318 
2.485 


1.300 


Estimated  daily  discharge,  in  second-feet,  of  Cadie  la  Poudre  Creek  for  the  month 

of  June. 


Day. 


1. 
2. 
3. 
4. 

5. 

6 

7. 

8. 

9. 
10. 
11. 
12 
18. 
14. 
15. 
16. 


1881. 


188a 


2.085 
2,091 
2,273 
2,400 
2,468 
3,802 
8,050 
3,386 
3,060 
3,8S0 
8,087 
4.142 
8,771 
8,688 
4,183 
5,000 


1884. 


3.474 
3,598 
0,906 
4,403 
4.835 
5,064 
4,914 
4,785 
4,854 
5,196 
5,177 
4,894 
5.ia5 
5,459 
5,248 
4,720 


1885. 


2,378 
3,855 
3,815 
3,815 
3,858 
3,300 
2,706 
2,335 
2,236 
2.236 
2.614 
2,089 
2,925 
2.799 
2.524 
2,298 


1886. 


2,849 
2,307 
2,349 
2,423 
2,302 
3,364 
3,393 
3,407 
3.500 
2,584 
2,500 
2,378 
2,278 
2,278 
1,993 
1,784 


1887. 


1,970 
1,970 
1.770 


1888. 


880 
1,000 
1,850 
1,490 
1.870 
1.260 
1,250 
1.410 
1,170 
1,220 
1,300 
1,310 
1.190 
1,260 
1.430 
1,450 


1889. 


,960 
,606 
,602 
,333 
,382 
,550 
,683 
,486 
,502 
.388 
,298 
,358 
,296 
,307 
,550 
,608 


looa 


,736 
,804 
,625 
,510 
.339 
,225 
,139 
,178 
,193 
,217 
,201 
,186 
,243 
,235 
,282 
,315 


1801. 


1 
1 
1 
1 
1 
1 

5 

3 
3 
•2, 
2 
1 
1 
1 


005 
979 
790 
542 
634 
840 
902 
436 
060 
600 
065 
685 
100 
800 
728 
624 


1802. 


750 
786 
1,112 
1,415 
1.002 
060 
1,084 
1,260 
1,468 
1.636 
1,522 
1,360 
1,114 
1.300 
1,457 
1,360 


1883. 


1,230 
1.108  3,461 
1,041  3,63 
1,197  3,514 
1,767  2,788 
2,108  2.flM 
2,687  I.IW 
2,012  %fl^ 
2,040  S,2» 
2,3S2  2.34« 

2,»1 

2,104 

2,(B? 


,.». 

aa 

■KM 

•u 

uw 

«t 

urn. 

onn 

- 

^ 

*,n" 

^t 

10    1    X)  10 

tfS 
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1 

1 

" 
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□ 
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1 
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1 

1 

1 

1 

1 

1 

1 
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k 
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E 

c 

„ 
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z 
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1 

li 

1 

1 

It 

■ 

. 

J. 

0 
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1 
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1 
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L 
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Ot*aRAMS  OF  D*ILV 


K  FOR  1SS6,   I88T,  1S9a,  AND  tS89. 


I 


I1 


..'f 


DISCHARGE  OF  CACHE  LA  POUDRE   CREEK. 


itimated  daily  dueJiarge,  i 


aeeondrfeet,  of  Cache  la  Pottdrt  Crrek  for  (A«  vwtMt 
of  June — Continoed. 


IMy. 

188L    U8S. 

18M.    1885- 

■„ 

1887. 
I.GBI) 

1.. 

188fl. 

■«,. 

18B1. 

IHO. 

im. 

UM. 

JT 

-..        *.T8a 

t,SG3  S.3S1 

1,704- 

1.33D 

1,488 

,» 

1.601 

1,868 



i,m 

-   *.™ 

*,31l    2 

W   1 

881 

1.63 

1.89 

1,5.1 

444 

2,381 

i.eu 

U 

|s.<»-  *.^'.i 

875 

15: 

1.4N 

1.6a 

1,6» 

». 

1 

841 

2.481 

1.717 

1.1U.  -;,iia    1.720(2 

907 

l.t-t 

l.SK 

571 

2,42: 

a 

1.HW  ..  ^ 

4,83    ! 

381 

371 

i,:» 

i.nnr 

1,315 

KM 

8 

531 

1 

27. 

1,452 

a. 

l,.Ri  ;  _« 

4.75!    1 

40; 

m 

l.aar 

ta 

251 

] 

«a 

1,468 

l,«i7  ;  ;« 

sa 

en 

OH 

1,21! 

i 

m 

1 

TfU 

1,427 

« 

1.-C"  ...tu 

t.sa  I 

»7 

S37 

73 

1,.7; 

23 

545^2 

31: 

1 

8.1 

1,375 

« 

l.i*.r.  ,:.  .« 

B.16I    i 

sn 

i.ia 

781 

i,nc 

an; 

' 

171 

1 

iX 

.,£60 

l-.l--.' .-.  -« 

S.**    1 

«7t 

3S7 

&m  2 

181 

1 

ffp 

.,218 

1.WT4  .-..'.M 

S.59    1 

7H 

38H 

1,250 

7SI 

M 

[.■a 

m 

1 

24< 

1,228 

a 

1.7:^1  ^i  .-* 

s.8i:  1  a 

31 : 

i.m 

881 

87' 

i.i 

041 

4*5   1 

St- 

i,La» 

a 

l,«.lLi,i(S 

5,411    1 

7» 

w 

l.Ofil 

oe 

OTI 

3« 

1 

ir 

.,uas 

30 

i.>u«  :.,7» 

4.T4J  2 

078 

B47 

..€« 

«8U 

«' 

OIB 

DW 

33i 

m 

.,087 

Armge. 

I,£3!t  l.fdB 

4,812  ! 

Bll 

.,48. 

uu|,» 

I 

an 

l.MI 

1 

816 

2,083 

ttimafed  duU]/  dueharge,  x 


.  teeond-feet,  of  Cache  la  Povdre  Creek  for  the  month 
ofJuly, 


1.880      1.7      735      431 


24 


IRRIGATION   NEAR   GREELEY,  COLORADO. 


[N0.9. 


Estimated  daily  discharge,  in  second-feet y  of  Cache  la  Poudre  Creek  for  the  month 

of  Atigust, 


Day. 

1881. 

343 
350 
337 
319 
302 

1883. 

1,683 
1,608 
1,533 
1,457 
1,382 
1,306 
1,231 
1,157 
1,081 
1,006 

9;io 

855 
780 
704 
629 
563 
478 
406 
aB7 
250 

1884. 

1,068 
1,022 
1,120 
1,231 
803 
849 
820 
772 
860 
934 
860 
804 
780 
796 
788 
827 
833 
916 
925 
922 
800 
683 
590 
(J25 
653 
603 
625 
594 
511 
443 
423 

1 — 

1885. 

1,057 

1,029 

9?2 

918 

937 

1,116 

1,019 

im 

788 
772 
740 
685 
(i24 
505 
552 
518 
479 
466 
460 
441 
559 
566 
559 
545 
518 
491 
4^ 
441 
416 
398 
369 

1886. 

1887. 

430 

410 
400 
380 
350 
330 
320 
260 
250 
220 
230 
360 
370 
380 
380 
350 
320 
280 
250 
240 
250 
230 
220 
25U 
330 
280 
2«0 
250 
320 
X30 
320 

1888. 

1889. 

i8oa 

1891. 

liffl2. 

im. 

189i 

1  

369 
309 
299 
289 
279 
264 

255 
255 
250 
241 
237 
232 
232 
237 

2:}7 

289 
1,476 
479 
416 
34;) 
314 
294 
274 
416 
:)87 
342 
:M7 
325 
279 
264 

390 
500 
380 
310 
300 
280 
240 
22t) 
190 
180 
180 
190 
180 
170 
150 
220 
250 
210 
220 
210 
100 
150 
160 
150 
150 
150 
140 
140 
140 
140 
140 

455 
435 
403 
306 
249 
209 
159 
146 

18:) 

231 

237 

220 

188 

146 

137 

137 

133 

154 

2:25 

193 

178 

150 

146 

141 

141 

111 

98 

86 

81 

67 

71 

360 
342 
324 
294 
255 
222 
183 
173 
198 
336 
403 
348 
354 
408 
397 
385 
385 
306 
383 
366 
348 
294 
271 
282 
251 
238 
234 
183 
178 
150 
150 

292 
284 
273 
269 
289 
251 
233 
212 
200 
200 
193 
184 
180 
173 
206 
225 
220 
233 
238 
238 
242 
269 
288 
273 
229 
229 
2S0 
217 
192 
173 
155 

327 
322 
307 
288 
272 
268 
288 

2n 

302 
288 
251 

ts^ 

202 

228 
202 
192 

-  •  .  •  .^ 

336 
343 
321 
282 

256 
251 
251 
2B3 
327 
288 

479 

494 

512 

440 

379 

306 

513 

487 

477 

464 

427 

388 

aK» 

3S5 
369 
347 
319 
296 
295 
282 
278 
271 
274 
240 
229 
212 
2D4 
179 
182 
165 
162 

"15" 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

-•--•• 

2» 
189 
226 
218 
248 
219 
191 
161 
155 
158 
158 
141 
151 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Average 

330 

968 

792 

657 

338 

307 

213 

188 

290 

228 

265 

2% 

Estimated  daily  discJiarge,  in  second-feet,  of  Caclie  la  Poudre  Creek  for  thevwnih 

of  September, 


Day. 

1884. 

446 
390 
369 
350 
361 
364 
397 
410 
360 
318 
302 
314 
21U 
271 

1885. 
347 

:i25 
im 

299 
294 
2JW 

;b7 

5W7 
387 
358 
34d 
325 
314 
274 

1886. 

264 
274 
274 
284 
255 
232 
223 
215 
215 
215 
210 
210 
198 
177 

1887. 

300 
290 
250 
230 
220 
200 
220 
270 
190 
180 
170 
170 
160 
150 

1888. 

1889. 

1890. 

1891. 

148 
151 
155 
158 
151 
134 
131 
138 
138 
138 
138 
138 
138 
128 

m. 

m 

182 
17? 
119 
161 
152 
140 
227 
296 
281 
g76 
246 
219 

1 

160 
180 
140 
130 
120 
120 
120 
130 
150 
140 
120 
110 
110 
110 

73 
73 
73 
69 
67 
67 
67 
71 
65 
59 
58 
66 
68 
60 

150 
173 
183 
150 
150 
138 
130 
130 
122 
HI 
108 
101 
98 
88 

2 

3 

4 

• 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

178 

u> 

lun 

rt. 

(.TtMUKL 

M 

j,mx 

, ', 

f" 

riiK 

{S 

7* 

^^ol 

til 

1 

1 

1 

i 

1 

\\ 

k 

1 

1 

1 

1 

1 

ri 

1 

1 

1 

la 

1 

J 

1 

1 

1 

1 

i 

1 

' 

1 

1 

1 

1 

II 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

fl 

•■i 

CM 

II 

k 

1 

0 

p 

C 

0 

q 

, 

i 

f 

1 

1 

\ 

1 

1 

i 

1 

1 

1 

». 

R 

U 

m 

0 

OIAORAMS  OF  DAILY  DISCHAROE  OF  CACMe  LA  POUORE  CREEK  FOR   1S9a,   1 


1  I 


.( 


DISCHARQE  OF  CACHE  LA  POUDRE  CBGEK. 


25 


i  daily  discharges  in  second-feet^  of  Cache  la  Poudre  Creek,  etc. — Cont'd. 


Day. 

1884. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1894. 

313 
375 
319 
280 
255 
239 
283 
231 
237 
269 
2flO 
246 
245 
240 
235 
230 

255 
246 
241 
232 
223 
218 
218 
218 
218 
218 
218 
210 
210 
218 
218 
215 

169 
162 
158 
162 
177 
148 
136 
122 
115 
122 
130 
136 
147 
148 
140 
136 

140 
140 
130 
120 
130 
140 
120 
110 
120 
140 
180 
170 
160 
150 
150 
140 

110 
120 

no 

90 
80 
80 
80 
80 
90 
90 
80 
80 
70 
80 
100 

no 

60 
73 
73 

n 

73 
73 
73 
75 
73 
73 
70 
68 
71 
71 
69 
67 

85 
85 
85 
81 
81 
86 
89 
92 
78 
73 
73 
73 
73 
73 
65 
58 

125 
125 
125 
122 
118 
115 
138 
138 
138 
141 
141 
141 
141 
148 
151 
151 

165 
155 
157 
152 
146 
185 
118 
118 
108 
105 
108 
107 
101 
99 
132 
145 

• 

.  veraif© 

305 

272 

185 

175 

103 

69 

103 

138 

164 

i  daily  discharge,  in  second-feet,  of  Cache  la  Poudre  Creek  for  the  month 

of  October. 


Day. 

1884 

225 
212 
2U3 
197 
203 
199 
199 
212 
209 
215 
202 
302 
197 
200 
300 
196 

1885. 

1886. 

1887. 

1888. 

100 

110 

90 

100 

no 

100 
100 

no 

100 
100 

no 
la) 

100 

no 

120 
100 
120 
130 
120 
130 
100 
120 
130 

1889. 

n 

73 
60 
60 
71 
71 
67 
61 
56 
55 
56 
60 
69 
68 
60 
65 
65 
67 
69 
75 
73 
71 
69 
69 
69 
71 
73 
75 
86 

a5 

92 

1890. 

1891. 

1894. 

210 
206 
202 
202 
202 
202 
202 
203 
202 
206 

133 
133 
140 
130 
133 
133 
130 
133 
133 
130 
127 
122 
130 
120 
120 
122 
130 

120 
150 
150 
140 
130 

no 
no 

120 
130 
120 
130 
130 
120 

no 

120 
130 
150 
140 
150 
150 
140 
140 
150 

57 
55 
55 
58 
60 
73 

ra 

73 
73 
73 
67 
89 
118 
118 
118 
101 
80 
81 
81 
83 
83 
71 
73 
78 
78 
78 
89 
89 
89 
89 
92 

80 

151 
148 
145 
128 
131 
134 

134 
122 
115 
112 
112 
112 
112 
112 
112 
115 
123 
112 
112 
112 
112 
115 
112 
109 
106 
107 
106 
104 
104 
104 

144 

158 

135 

141 

118 

146 

151 

143 

128 

131 

120 

107 

99 

94 

93 

93 

93 

93 

89 

97 

82 

85 

87 

84 

84 

84 

78 

74 

71 

71 

78 

105 

• 

3JI4 

204 

130 

.  verage 

129 

100 

70 

118 
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Estimated  daily  discharge,  in  secondr/eet,  of  Cache  la  Poudre  Creek  for  the  monn&t 

of  November  and  December. 
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^imated  mean  monthly  ducharge  of  Cache  la  Ptmdre  Creek  from  1881  to  1894, 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1881 

a  1,239 
4,589 
4,812 
2.911 
1,876 

/1, 401 
1,114 
1,339 
1,280 
1,900 
1,512 

*  1,815 
2,063 

877 

2,834 

2,144 

1.800 

717 

735 

421 

511 

648 

542 

736 

614 

836 

6830 

d968 

792 

657 

338 

307 

213 

188 

290 

228 

r265 

u235 

175 

1888 

c21l 
e68 

718 

219 

y447 

<405 

1,833 

2,536 

1,419 

1,306 

fcl,847 

484 

770 

1,044 

1,224 

9642 

«763 

1,390 

1884 

306 
272 

185 
175 
108 
60 
103 
138 

/204 

A204 

il29 

mldO 

ol09 

70 

80 

118 

1885 

1886 

1887 

1888 

nl20 
54 
86 
59 

78 

181 
113 
200 
144 
p84 

1889 

1890 

1801 

1892 

180B 

156 
82 
92 
64 

110 
79 
76 

116 

87 
61 
83 

64 
66 
79 

1894 

164 

105 

83 

aJnne  20-30, 188L 
6  August  1-5, 1881. 
c  March  23-31, 1888. 
d  August  1-20, 1888. 
eMarch  15-31, 1884. 
/October  1-16, 1884. 
y  AprU  14-30, 1885. 


^October  1-10, 1885. 
s  April  27-a),  1886. 
iOctober  1-17, 1886. 
ikMay  18-29. 1887. 
IJune  14-30, 1887. 
m  October  1-23, 1887. 
n  March  14-81, 1888. 


o  October  1-23, 1888. 
p  AprU  1-17, 1892. 
9  May  18-31, 1892. 
r  August  1-16, 1892. 
<  May  11-14  and  21-31, 180a 
t  June  4-13  and  18-30, 1893. 
u  August  1-10  and  1»-31, 189a 


SETTLEMENT  IN  CACHE  LA  POUDRE  VALLEY. 

During  his  tour  in  Colorado,  in  1859,  Horace  Greeley  was  impressed 
ith  the  belief  that  the  higher  lands  were  adapted  to  cultivation  if 
rigated.  On  his  return  to  New  York  he  discussed  the  matter,  and 
ith  the  cooperation  of  N.  C.  Meeker  gave  the  proposition  great  pub- 
city.  The  colony  plan  presented  through  the  columns  of  the  Trib- 
ne  culminated  in  1870  in  the  formation  of  Union  Colony,  which, 
)ttling  in  Cache  la  Poudre  Valley,  gave  to  their  town  the  name  of 
reeley.^ 

When  the  colony  arrived,  it  found  a  few  settlers  in  the  valley,  who 
*d  occupied  the  bottom  land  mostly  for  the  pasture  and  wild  hay  it 
fered.  They  had  taken  out  from  the  Cache  la  Poudre  Creek  a  num- 
)r  of  small  canals,  which  had  in  cultivation  under  them,  as  near  as 
in  be  ascertained,  about  1,000  acres.  They  generally  believed  that 
le  higher  bench  land  lacked  fertility,  and  that  it  was  extremely 
iwise  on  the  part  of  the  colony  people  to  construct  canals  for  its  irri- 
ktion. 

UNION  COLONY. 

Union  Colony,  under  the  leadership  of  N.  C.  Meeker  and  the  auspices 
■  Horace  Greeley,  undertook,  in  the  spring  of  1870,  the  settlement  of 
le  lower  end  of  Cache  la  Poudre  Valley,  the  headquarters  being 
5on  the  site  of  Greeley.  The  leaders  of  the  colony  constructed,  as 
lickly  as  jiossible  after  their  arrival,  a  ditch  on  the  south  side  of  the 
eek,  on  the  site  of  the  one  that  now  irrigates  the  lots  in  town  and 

1  Second  Biennial  Report  of  the  State  Engineer  of  Colorado  for  the  years  1883-M,  p.  20. 
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the  lands  in  its  vicinity.  There  were  only  some  200  acres  put  into 
crops,  but  the  ditch  was  small  and  poorly  constructed,  and  without  a 
dam  at  its  head  in  the  river  to  divert  the  low  water  into  it,  so  that  not 
enough  water  could  be  obtained  for  this  small  area. 

This  first  ditch  demonstrated  the  great  fertility  of  the  soil  when 
sufficiently  moist  to  enable  vegetation  to  avail  itself  of  its  plant  food. 
The  original  cost  was  |G,333.  It  was  enlarged  three  times,  in  1871, 
1872,  and  1873,  and  then  cost  in  all,  with  dam,  about  125,000.    It  has 


Fig.  5.— Map  of  canals  near  Greeley,  Colorado. 


a  capacity,  by  the  decree  of  the  court,  of  173  second-feet.  In  1894, 
as  shown  l)y  a  table  in  the  State  engineer's  report,  it  is  credited  with 
having  only  1,275  acres  under  irrigation,  of  which  480  are  reported  as 
pasture  and  waste  land.  This,  no  doubt,  leaves  out  of  account  the 
town  lots  irrigated  from  this  canal,  which  have  a  probable  area  of  300 
acres.  The  insignificance  of  the  area  thus  reported  as  under  cultiva- 
tion shows  that  if  this  had  been  all  the  colony  would  have  been  a  fail- 
ure as  an  agricultural  community,  and  there  was  no  other  industry 
for  it  in  this  locality  to  pursue. 
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CANAL  AND  RESERVOIR  SYSTEMS. 

A  number  of  canal  systems  were  projected  by  Union  Colony,  the 
first  of  these,  or  No.  1,  never  begun,  being  planned  to  head  in  the  canyon 
above  La  Porte  and  terminate  at  Crow  Creek,  covering  nearly  all  of 
the  lands  later  watered  by  the  two  canals  known  as  the  Larimer  County 
and  the  Larimer  and  Weld  County  canals.  Canal  No.  2,  later  known 
as  Cache  la  Poudre  Canal,  was  begun  during  the  fall  of  1870.^  Canal 
No.  3  was  the  town  ditch  described  above.  No.  4  was  to  come  out  of  Big 
Thompson  Creek  and  water  the  lands  on  the  bluff  south  of  Greeley, 
now  irrigated  by  the  Loveland  and  Greeley  Canal.  Thus  canals  Nos. 
2  and  3  were  the  only  ones  constructed  under  the  original  plans  of 
the  colonists. 

A  list  of  the  most  important  canals  and  ditches  is  given  on  page  51 
in  connection  with  the  crop  statistics  of  this  district.  The  location  of 
the  three  largest  is  shown  on  the  accompanying  map  (fig.  5)  and  a 
general  description  of  them  is  given  below.  These,  in  geographic 
order,  are  Cache  la  Poudre  Canal,  immediately  north  of  the  city  of 
Greeley;  above  this  Larimer  and  Weld  Canal;  and  still  above,  and  in 
a  general  way  parallel,  Larimer  County  Canal.  Still  further  to  the 
northwest  is  also  shown  on  this  small  map  the  lower  end  of  North 
Poudre  Canal,  belonging  to  the  North  Poudre  Land,  Canal,  and  Reser- 
voir Company,  and  described  on  page  58. 

CACHE  LA  POUDRE  CANAL. 

The  survey  of  what  was  originally  known  as  Canal  No.  2  was  prose- 
cuted during  the  summer  of  1870,  and  the  construction  of  its  whole 
length — 35  miles — was  practically  completed  during  the  autumn  of 
that  year  and  the  spring  of  1871.  It  was  supposed  to  be  in  shape  to 
deliver  an  abundance  of  water  to  all  the  crops  that  could  be  got  in 
under  it  for  irrigation  during  the  summer  of  1872.  Some  2,000  acres 
were  put  in  crops,  but  most  of  them  were  burned  up  for  want  of  water. 
It  was  a  year  of  scarce  supply,  there  was  no  dam  in  the  river,  and  the 
head  of  the  canal  ran  for  a  mile  and  a  half  along  the  edge  of  a  slough 
upon  which  its  lower  bank  rested,  and  this  bank  soon  settled  so  that 
it  could  not  hold  the  passing  water.  This  loss  of  crops  by  the  most 
enterprising  and  courageous  colonists — men  of  moderate  means — came 
near  paralyzing  the  whole  enterprise. 

During  the  fall  of  1871  and  spring  of  1872  an  enlargement  was 
madp  and  a  dam  put  in  the  river.  The  cost  of  the  first  construction 
was  about  $27,000  and  of  the  enlargement  $20,000  more.  This  year 
the  river  had  an  ample  supply,  and  the  spring  was  moist,  and  hence 
favorable  for  plowing  and  the  germination  of  seeds.  The  result  was 
an  area  planted  of  some  6,000  acres  and  fine  crops.  However,  the 
canal  was  yet  quite  too  small  for  the  25,000  acres  of  land  under  it 


» History  of  Grooley  and  tlio  Union  Colony  of  Colorado,  by  David  Boyd,  1890. 
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owned  by  colonists,  and  two  other  enlargements  were  made  in  1874 
and  1877,  making  the  total  cost  up  to  that  date  about  $87,000. 

The  Cache  la  Poudre  Canal — originally  Union  Colony  Canal  No.  3— 
was  the  earliest  of  the  large  systems.  It  was  for  a  long  time  deemed 
unnecessary  to  supplement  its  river  supply  by  a  reservoir.  However,- 
it  was  found  that  in  more  than  one-half  the  years  the  river  water' 
gave  out  before  the  potato  crop  was  made,  and  that  the  farmers 
under  it  were  at  a  disadvantage  as  comx)ared  with  those  who  had 


Fia.  6.— Map  of  Cache  la  Poudre  Resenroir. 

water  from  the  Larimer  and  Weld  Reservoir,  the  contents  of  which 
were  used  for  the  potato  crop  in  1891.  In  1892  the  farmers  under  the 
Cache  la  Poudre  Canal  commenced  to  take  steps  toward  building  » 
reservoir.  They  found  a  site  (shown  in  fig.  6)  about  4  miles  above 
their  canal,  the  contents  of  which  could  be  emptied  into  it  about  2 
miles  below  its  head,  and  could  be  filled  by  constructing  a  feeding 
canal  some  8  miles  long  and  heading  in  the  river  just  below  the  tail- 
race  of  the  Linden  Flouring  Mills,  which  enters  the  river  at  Fort 
Collins. 
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hese  mills  have  an  early  appropriation  from  the  river,  dating  back 
867,  for  93  cubic  feet  per  second.  As  this  claim  antedates  the 
}tion  of  the  constitution  of  the  Sta;te  by  9  years,  the  courts  have 
ded  that  the  provision  in  that  instrument  giving  claims  for  water 
rrigation  purposes  a  superior  right  to  those  for  mechanical  pur- 
sdoes  not  apply  in  this  and  similar  cases.  Hence  the  water  of  the 
r  must  be  run  to  the  head-gates  of  the  mill  canal,  however  low 
•iver  is,  except  for  the  use  of  the  few  canals  that  antedate  it  and 
ie  heads  are  above  the  mill  tailrace.  Since  none  of  the  water  is 
umed  in  furnishing  power  to  the  mills,  it  does  not  affect  canals 
w  it.  There  is  nominally  a  claim  for  401  second-feet  prior  to  its 
1,  but  the  heads  of  more  than  half  of  the  ditches  making  the  claim 
>elow  its  tailrace  and  many  of  the  others  have  been  abandoned, 
most  imi)ortant  claim  above  its  tailrace  is  that  of  19  second-feet 
le  Larimer  and  Weld  Canal,  but  this  only  antedates  it  for  irriga- 
purposes;  for  storage  purposes  its  reservoirs  rest  on  their  own 
,  which  is  25  years  later  than  that  of  the  mills.  The  Pleasant 
3y  and  Lake  Canal  also  has  a  claim  of  40  feet  antedating  that  of 
aills,  and  this  heads  above  the  mill  power  canal,  and  hence  as  long 
rigation  lasts  can  take  the  water,  and  does  in  the  autumn,  when 
scarce,  to  the  detriment  of  the  mills.  The  same  is  true  of  Dry 
k  Ditch  to  the  extent  of  an  appropriation  of  12  second-feet. 
Idle  irrigation  lasts  these  three  claims  greatly  disturb  the  mill 
ly  when  the  river  is  low,  early  in  spring  and  late  in  autumn,  and 
e  it«  proprietors  put  in  steam  power  to  use  when  water  is  scarce. 
Id  they  abandon  the  use  of  the  water  altogether,  an  interesting 
bion  will  be  raised  concerning  the  legal  rights  of  the  Cache  la 
Ire  Reservoir  to  the  water  which  the  position  of  its  head-gates  in 
iver  just  below  the  tailrace  now  allows  it  to  store  to  the  extent  of 
runs  through  the  mill  race,  in  spite  of  the  fact  that  its  claims  to 
r  for  storage  purposes  postdate  nearly  all  the  other  important 
voirs.  These  are  all  supplied  by  canals  that  head  above  the  tail- 
and  nearly  all — and  at  times  all — the  winter  supply  of  the  river 
.  be  allowed  to  flow  by  for  the  mill,  and  hence  for  the  sole  benefit 
e  reservoir  we  are  considering.  The  main  reason  for  locating  the 
of  their  reservoir  supply  canal  where  it  is  was  to  obtain  this 
water,  and  now,  if  the  mill  should  abandon  its  use,  who  would 
the  right  to  it?  Should  it  be  turned  back  into  the  river  and  be 
Bct  to  the  appropriation  already  made,  or  should  this  reservoir 
nue  to  enjoy  the  privilege? 

che  la  Poudre  Canal  has  been  conveyed  by  Union  Colony  for  a 
nal  sum  to  a  new  company,  composed  of  the  farmers  owning  the 
and  water  rights  under  the  canal.  The  new  owners  have  ex- 
ed  about  $25,000  in  straightening  the  course  of  the  canal  (shown 
[.  VI),  constructing  permanent  dam  and  head  works,  and  put- 
in  checks  at  the  head  of  nearly  every  lateral.  These  were 
ed  because  the  slope  of  3.2  feet  per  mile  was  too  steep  for  a  canal 


32 


IRRIGATION   NEAR   GREELEY,  COLORADO. 


[HO.  9. 


of  this  size  and  resulted  in  erosion  of  th*  bed  and  lowering  of  the 
channel.  The  head  works  are  of  stone  masonry  laid  in  cement.  The 
gates  are  of  iron,  and  each  is  constructed  of  an  upper  and  lower  sec- 
tion, only  one  of  which  is  moved  when  the  head  at  the  gates  is  high, 
less  power  being  thus  required  for  lifting. 

The  duty  of  water  under  Cache  la  Poudre  Canal  has  been  computed 
by  Prof.  L.  G.  Carpenter.^  The  length  of  time  during  which  this  canal 
has  been  in  operation  and  the  consequent  long  experience  of  farmers 
render  the  measurements  of  considerable  value  for  comparative  pur- 
poses. The  amount  of  water  taken  into  the  canal  was  measured  daily 
or  estimated  from  a  record  kept  by  an  automatic  register.  The 
results  given  in  the  following  table  show  a  comparatively  lai;ge  doty 
if  a  long  season  is  taken,  but,  on  the  contrary,  for  the  month  of  June 
alone,  when  water  is  in  abundance,  the  average  duty  drops  off  rapidly, 
falling  to  from  65  to  05  acres  per  second-foot. 

Duty  of  tcater  under  CacJie  la  Poudre  Canal  in  acres  per  second-foot. 


Period. 


May  1  to  September  1 . 
April  1  to  September  1 
May  1  to  November  1 . 
Jane  alone 


Days. 

1890. 

1801. 

1882. 
113 

123 

132 

153 

153 

164 

192 

146 

184 

198 

232 

176 

30 

72 

9.") 

65 

•The  total  cost  of  the  canal  has  been  $112,000.  There  are  some  300 
80-acre  water  rights  held  in  the  canal  and  represented  by  a  share  of 
stock  for  every  10  acres.  Each  is  entitled  to  a  proportionate  share  of 
the  water  in  the  canal  at  all  stages.  It  will  be  seen  that  the  average 
cost  of  an  80-acre  right  in  the  canal  was  $373^.  Such  rights,  when 
the  land  under  them  has  become  so  wet  as  not  to  need  irrigation,  have 
been  selling-  to  parties  owning  lands  lately  taken  up  at  the  lower 
end  of  the  canal  for  $2,000  apiece.  This  price  does  not  include  a  right 
to  water  from  the  reservoir,  which  is  owned  by  another  company, 
although  most  of  its  stock  is  held  by  the  parties  who  own  the  canal. 
Rights  to  80  acres  in  this  reservoir  were  sold  in  1896  for  $800  apiece. 
Placing  the  cost  of  the  reservoir  at  $120,000  and  the  number  of  rights 
at  300,  the  cost  per  right  would  be  $400,  apparently  giving  a  profit  of 
100  per  cent  on  the  investment.  Of  course  in  all  such  enterprises  for 
a  while  the  capital  invested  is  unproductive.  In  this  case  the  period 
was  not  long,  since  the  work  was  prosecuted  with  vigor,  the  reservoir 
being  fit  for  use  one  year  after  its  commencement.  Those  not  own- 
ing land  have  generally  been  able  to  rent  their  reservoir  rights  at  a 
fair  interest  on  the  investment. 


>  Colorado  Agricultural  Experiment  Station  Bulletin  No  22,  Preliminary  Report  on  the  Duty 
of  Water,  pp.  18-21. 
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CACHE  LA  POUDRE  RESERVOIR. 

Tiis  is  the  most  expensive  of  all  the  reservoirs  in  the  valley.  In 
argument  before  the  court  the  cost  is  placed  at  $125,000.  The 
bement  obtained  from  the  company  gives  $28,643  for  real  estate 
site  of  reservoir  and  right  of  way  of  supply  canal,  8  miles  long 
pacity,  150  second-feet),  and  outlet  canal,  4  miles  long  (capacity, 
'  feet  per  second);  also  $81,623  for  construction,  making  a  total  cost 
H10,266.  It  has  by  far  the  longest  and  highest  embankment  of  any 
the  reservoirs  in  the  valley.  At  the  outlet  this  embankment  is  38 
t  high,  the  height  of  wat^r  above  the  bottom  being  30  feet.  The 
)adth  of  the  base  at  this  place  is  300  feet.  The  inside  face  has  a 
pe  of  more  than  3  to  1,  and  still  the  riprapping  slides  down  each 
%T  on  account  of  the  action  of  the  waves.  When  first  laid  it  had 
uniform  slope  from  top  to  bottom,  but  now  the  slope  is  quite 
egular,  through  the  action  of  the  waves  moving  the  rocks  and 
ishing  away  the  embankment  under  them.  This  is  of  good  mate- 
il,  being  largely  composed  of  coarse  gravel  brought  from  a  hill 
ar  one  end  by  wheel  scrapers.  The  rock  for  riprapping  was 
)ught  from  the  foothills  by  rail  to  the  nearest  point,  which  is  2 
les  off,  and  thence  by  wagon.  It  cost  per  ton,  laid  down,  $110. 
is  medium-sized,  flat  sandstone,  the  refuse  of  the  quarries  where 
tiding  and  flagging  stones  are  taken  out. 

Phe  conduit  is  but  a  few  feet  deep  below  the  level  of  the  natural 
•face,  the  material  of  its  foundation  being  a  tenacious  clay.  The 
5e  is  of  wide  flagstone  laid  on  a  grout  bedding  of  gravel,  sand,  and 
rtland  cement.  The  width  is  5  feet  inside,  walls  2^  feet  high, 
inned  by  an  arch  2^  feet  high  in  center.  There  are  two  collar 
Us  extending  from  the  masonry  of  the  conduit  into  the  embank- 
nt,  to  prevent  the  water  from  working  its  way  along  the  connection 
the  earth  and  masonry.  It  has  shown  no  signs  of  weakness  at  this 
tee,  but  when  the  resei'voir  is  full  the  embankment  gets  quite  soft 
'oughout.  However,  it  yearly  gets  less  so.  It  settled  4  to  5  feet 
>  first  year  after  the  water  was  turned  in,  although  the  teams  had 
versed  it  back  and  forth  with  wheel  scrapers  bringing  the  gravel 
d  earth  from  the  ends  of  the  fill. 

fhe  gates  and  means  of  raising  them  are  a  novelty,  the  invention 
Mr.  Gordon  Land.  The  front  of  the  inlet  of  the  conduit  is  a  steep 
slined  plane,  some  20°  from  the  vertical.  The  aperture  is  divided 
o  two  sections  by  a  timber  running  midway  up  and  down  in  the 
me  of  the  incline,  and  on  the  outer  edges  of  it  are  fastened  iron 
ttes  of  about  the  weight  of  wagon  tire.  A  similar  timber  and  tire 
)  on  each  side  of  the  aperture,  thus  forming  a  double  track  for  two 
n  gates.  These  latter  are  each  attached  to  two  axletrees  which 
IBr9 3 
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have  wheels  at  their  extremities  and  are  brought  to  bear  upon  the 
track  when  the  gates  are  being  raised. 

This  is  done  by  means  of  a  wire  rope,  one  end  of  which  is  attached 
to  a  cog-geared  windlass  placed  on  the  top  of  the  embankment  and 
the  other  end  to  a  lever  attached  to  the  axle  of  the  gate,  which  axle  is 
eccentric,  so  that  the  movement  of  the  lever  causes  the  wheels  to  bear 
on  the  tracks  and  to  roll  along  it,  instead  of  having  the  edges  of  the 
gate  drag  over  the  edges  of  the  supports  behind  it,  as  in  raising  the 
ordinary  gate.  Each  rope  passes  over  a  pulley  placed  at  the  top  of 
the  incline.  It  should  be  further  said  that  the  axle  and  wheels  are 
attached  to  the  upper  and  outer  sides  of  the  gates,  and  the  front  and 
rear  axles  are  yoked  together  so  that  the  rope  acts  on  both  and  presses 
their  attached  wheels  against  the  tracks  in  lifting  the  gates. 

The  cost  of  this  reservoir  equals  that  of  the  canal  of  which  it  is  an 
adjunct.  It  furnishes  only  5,654  acre-feet,  while  during  the  irrigation 
season  of  1894  the  canal  drew  from  the  river  70,610  acre-feet,  or  more 
than  twelve  times  as  much.  Hence  it  is  to  be  said  that  reservoir  water 
is  costly. 

At  present  prices  of  farm  produce  it  certainly  does  not  pay  to  store 
water  at  this  cost.  Storage  reservoirs,  even  of  the  most  economical 
location,  can  not  as  a  general  rule  be  profitably  employed  in  irriga- 
tion, except  as  adjuncts  to  canals  that  have  for  the  most  part  their 
supply  from  a  fairly  permanent  source  during  the  irrigation  season. 
None  of  the  streams  in  this  State  except  those  of  the  western  slope 
hold  out  in  the  latter  part  of  the  season  so  as  to  furnish  water  enongh 
to  complete  the  growth  of  certain  crops,  save  for  a  few  claimants  of 
early  rights.  The  one  crop  in  this  valley  for  which  there  is  need 
of  later  water  than  the  streams  afford  is  potatoes.  Up  to  1895  this 
crop  has  been  on  an  average  profitable,  even  though  we  have  been 
forced  to  seek  a  wider  market  than  that  of  the  plains  and  Rocky  Moun- 
tain region.  Hence  the  late  development  of  reservoir  construction  in 
this  valley. 

It  will  be  further  noted  that  when  a  canal  is  already  built,  with  all 
its  laterals  and  means  of  distribution,  and  a  reservoir  can  be  con- 
structed so  as  to  deliver  its  water  into  it  near  enough  to  the  head  to 
supply  the  greater  part  of  its  customers,  the  case  is  very  different 
from  that  of  building  a  reservoir  that  has  to  provide  all  the  means 
necessary  for  the  distribution  of  its  contents.  This  is  the  case  of 
nearly  all  of  the  reservoirs  in  this  valley.  When  that  can  not  be 
done,  the  exchanges  noted  on  another  page  effect  the  same  economy 
so  far  as  they  can  be  brought  into  practice.  When,  however,  the 
relation  of  the  reservoir  to  the  <;anal  is  like  that  of  the  one  we  are 
considering,  it  gives  an  independence  and  cert-ainty  not  to  be  found 
where  the  use  of  the  water  by  its  owners  depends  upon  so  many 
contingencies. 

As  stated  on  a  preceding  page,  the  feeding  canal  for  this  reservoir 
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ads  in  the  river  immediately  below  the  tailrace  of  the  Linden  Mills, 
Fort  Collins.  This  location  was  made  for  the  purpose  of  securing 
e  water  from  this  mill,  as  intimated  above.  The  destruction  of  the 
ill  has  given  rise  to  one  of  the  most  perplexing  questions  in  regard 
water  rights.  The  mill  in  its  use  of  water  power  has  proved  a  great 
triment  to  the  irrigation  of  the  valley,  since  in  order  to  turn  its 
leels  it  has  been  necessary  to  allow  the  water  to  pass  the  head  gates 
all  the  canals  feeding  reservoirs  except  this  one.  The  other  parties 
interest  would  undoubtedly  have  purchased  the  rights  of  the  mill 
d  turned  the  water  back  into  the  river  to  be  used  for  storage  in  the 
der  of  its  appropriation  were  it  not  for  the  claim  of  vested  rights 
%de  by  this  lower  reservoir. 

Recurring  to  the  value  of  this  reservoir  as  an  investment,  it  may  be 
id  that  in  spite  of  the  comparatively  early  appropriation  of  water  by 
e  canal  it  would  not  be  possible  without  it  to  obtain  in  two  years  out 
three  sufficient  water  for  the  potato  crop.  The  number  of  sacks  of 
tatoes  produced  under  this  canal  in  1894  was  602,485.  During  that 
ar  the  crop  sacked  was  worth,  on  an  average,  70  cents  per  hundred- 
Mght.  Deducting  5  cents  for  the  cost  of  the  sack  and  10  cents  for 
trvesting,  the  net  value  is  55  cents.  The  seed  and  labor  cost  the 
me  amount  for  a  half  as  for  a  whole  crop.  We  may  set  down  to  the 
edit  of  the  reservoir  one-half  of  this  crop,  which  at  55  cents  per 
indred weight  amounts  to  $165,683,  or  a  third  more  than  the  cost  of 
e  reservoir.  That,  however,  was  an  exceptional  year,  both  as  to 
"oduct  and  price.  It  would  be  fair  to  estimate  the  average  crop 
xder  this  canal  at  500,000  hundredweight,  and  the  average  price  at 
'  cents  per  hundredweight.  Allowing  one-half  the  crop  as  due  to 
e  reservoir  water,  this  would  amount  to  $62,500,  or  one-half  the  cost 
the  reservoir. 

LARIMER  AND  WELD   CANAL. 

The  Larimer  and  Weld  Canal  takes  water  from  Cache  la  Poudre 

ceek  above  Fort  Collins  and  about  12  miles  above  the  head  of  Cache 

Poudre  Canal.     The  total  length  is  stated  to  be  50  miles,  and  the 

^erage  bottom  width  25  feet.     Water  is  diverted  by  a  wing-crib  dam 

7  feet  long  and  4  feet  above  the  bed  of  the  stream.^    The  dam  and 

isd  gates  are  shown  in  PI.  VII.     This  canal  has  under  it  one-third 

all  the  land  under  ditch  in  the  valley  and  has  a  capacity  greater  by 

le-fourth  than  that  of  any  other.     It  can  take  in  the  average  flow  of 

e  whole  river  except  during  the  60  days  commencing  with  the  middle 

May.     In  PI.  VIII  is  given  a  view  looking  up  the  canal  to  the  head- 

ites.     Before  its  final  enlargement,  which  was,  in  fact,  its  real  con- 

puction,  there  was  nominally  appropriated  2,735.87  cubic  feet  per 

cond,  this  being  more  than  the  average  flow  of  the  river  for  any  one 

onth.     The  older  canals  could  not  use  so  much  water  as  this,  but 

» Report  on  Agriculture  by  Irrigation  at  the  Eleventh  Census.    F.  H.  Newell,  1894,  p.  135. 
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could  take  so  much  that  (luring  years  of  scarcity  this  canal  could 
no  time  receive  a  full  head.  Every  year  the  supply  fell  to  its  seeon^'^: 
appropriation  of  19  feet  before  the  time  to  irrigate  potatoes,  whi(^Il 
up  to  1895  was  the  best-paying  crop. 

LARIMER  AND   WELD  RESERVOIR. 

An  excellent  site  for  a  reservoir  was  found  at  a  point  a  mile  and  ^ 
half  north  of  Fort  Collins,  about  a  quarter  of  a  mile  above  the  caa^. 
and  only  2  miles  from  its  head.     This  could  be  supplied  from  Vwmz 
small  canals  above  the  Larimer  and  Weld,  the  bottom  of  the  reser- 
voir being  only  2  feet  above  that  of  the  canal.     This  site  is  a  natur^z 
basin,  in  which,  when  filled  to  the  lip  of  the  lower  rim,  the  surface  of 
the  water  would  be  25  feet  above  the  bottom  of  the  outlet,  and  whick, 
it  is  estimated,  would  contain  350,000,000  cubic  feet  or  7,700  acre-feet. 
The  canal  company  did  not  wish  to  undertake  this  work,  but  per- 
mitted the  farmers  who  held  contracts  for  water  from  it  to  take  the 
site  which  it  had  surveyed.     These  farmers  represented  water  rights 
covering  15,000  acres.     They  formed  a  company  known  as  the  Lari- 
mer and  Weld  Reservoir  Company,  proceeded  to  condemn  the  site 
and  procure  the  means  of  feeding  it. 

The  following  are  the  principal  items  of  expense  and  relate  to  con- 
struction to  hold  a  depth  of  25  feet: 

Surveying  and  engineering $2,870 

Land  and  rights  for  water 13, 768 

Construction 21, 796 

Attorneys' fees 5,796 

Court  expenses 2, 312 

Miscellaneous 18, 240 

Total 64,782 

It  will  be  seen  that  only  about  one- third  the  expenses  was  for  con- 
struction, not  including  surveying  and  engineering.  In  fact,  no 
considerable  embankment  had  to  be  made  for  that  depth.  An  inlet 
caual  was  of  necessity  built  from  Dry  Creek,  which  was  its  feeder, 
this  in  turn  being  supplied  by  two  small  canals  in  which  a  right  of 
caiTiage  had  been  purchased.  The  expenses  of  construction  were 
increased  from  the  fact  that  a  wooden  conduit  was  put  in  at  first 
The  parties  living  under  the  reservoir  deemed  it  unsafe.  This  neces- 
sitated its  removal  and  the  substitution  of  a  cement  and  rock  conduit, 
costing  about  15,000.  The  quantity  of  land  originally  i)urchased  was 
some  700  acres.  This,  with  the  right  to  run  water  through  the  inlet 
ditches,  cost  about  one-fifth  of  the  whole. 

In  1895  the  company  resolved  to  increase  the  capacity  to  a  depth  of 
30  feet.  This  required  the  construction  of  a  bank  over  2,000  feet  long 
on  the  top,  and  this,  with  the  additional  land  to  be  purchased,  added 
to  the  cost  $25,000  more,  making  the  total  cost  about  $90,000.    This 
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dition  of  5  feet  to  the  upper  surface  increased  the  cubic  contents 
one-half.  However,  in  being  measured  out  over  a  weir,  the  reser- 
Lr  does  not  come  up  to  the  estimated  capacity  by  one-third.  In 
?t,  on  drawing  the  water  down  from  a  depth  of  29^  feet  to  4  feet  a 
titent  of  only  325,000,000  cubic  feet  was  given.  This  discrepancy 
tween  the  capacity  estimated  from  depth  and  contour,  and  measured 
above  is  true  of  all  other  reservoirs  in  this  valley  that  have  been 
Jted  in  the  same  way.  The  weirs  are  not  constructed  so  that  the 
aneis  formula  will  apply  to  them,  but  they  are  rated  by  a  current 
iter  at  different  depths,  just  as  the  weirs  in  the  canals  are  measured 
find  their  intake  from  the  river. 

The  accompanying  views.  Pis.  IX,  X,  XI,  illustrate  the  embank- 
^nt  and  outlet  of  this  reservoir.  The  first  (PI.  IX)  is  a  view  from 
3  inside  of  the  reservoir  after  the  water  has  been  drawn  off.  The 
Jtangular  mass  of  masonry  in  the  center  is  the  wall  of  the  well 
ich  surrounds  the  spaee  where  the  gates  are  placed.  Its  interior 
aensions  are  6  feet  by  10  feet.  The  wall  is  3  feet  thick  and  is  com- 
bed of  heavy  rubble  masonry  laid  in  Portland  cement  and  connected 
•h  flanking  walls. 

Tie  next  view  (PL  X)  shows  the  lowersideof  the  outlet  of  thereser- 
r.  In  the  middle  is  the  heavy  lower  retaining  wall,  extending  only 
ortion  of  the  way  up  the  embankment.  The  latter  was  constructed 
3arth,  with  a  slope  of  1^  to  1.  At  the  right  are  posts  standing  at 
•ious  angles.  These  were  driven  into  the  ground  to  keep  the  earth 
Da  slipping  into  the  canal  below  the  masonry,  as  it  was  tending  to 
after  becoming  moistened  by  percolation  from  the  water  in  the 
BTvoir.  The  next  view  (PI.  XI)  is  at  the  lower  end  of  the  outlet 
tal  of  the  reservoir  where  it  discharges  over  the  weir  into  the  Lari- 
f  and  Weld  Canal. 

^n  account  of  the  exchanges  which  are  being  made  for  river  water 
^11  be  apparent  that  a  high  degree  of  accuracy  of  measurement  is 
iirable,  or  at  least  that  the  same  system  of  measurement  should 
iain  in  measuring  the  outflow  of  the  reservoirs  and  the  intake  of 
lals,  and  this  is  attempted;  but  those  who  have  studied  and  experi- 
5nted  most  on  measuring  water  under  ordinary  and  diverse  condi- 
ns  best  know  how  difficult  it  is  to  obtain  accurate  results. 
The  large  expenditure  in  litigation  was  brought  about  by  the  fact 
it  after  the  reservoir  had  been  constructed  by  the  farmers  the 
aal  company  refused  to  allow  them  to  run  the  reservoir  water  in 
3  canal.  The  farmers  had  contracts  with  the  company  to  furnish 
5m  so  much  water,  but  they  were  not  stockholders  in  the  company, 
e  contracts  also  provided  that  the  holders  of  these  contracts  should 
come  stockholders  after  the  company  had  sold  water  rights  to  the  esti- 
bted  capacity  of  the  canal  to  furnish  water.  But  this  limit,  which 
s  500  eighty-acre  water  rights,  had  not  been  reached,  and  raore- 
bT  these  same  farmers  had  gone  into  the  courts  asking  an  injunction 
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prohibiting  the  company  from  selling  any  more  than  the  370  rights 
that  then  had  been  sold,  since  there  was  a  provision  in  the  contracts 
that  in  times  of  scarcity  the  water  was  to  be  prorated  with  all  the 
rights  sold  and  in  force.  It  was  contended  that  the  company  had  sold 
more  than  it  could  furnish,  this  word  applying  equally  to  the  water 
to  be  obtained  from  the  river  and  to  the  capacity  of  the  canal  to  cany. 

This  case  has  been  in  court  some  five  years.  The  company  won  in 
the  district  court  and  in  the  court  of  appeals,  while  these  decisions 
were  reversed  in  the  State  supreme  court,  which  sent  the  case  back 
for  trial  again  in  district  court,  which  gave  the  farmers  their  case,  as 
instructed  by  the  upper  court.  However,  there  seemed  to  be  another 
appeal  to  the  supreme  court,  the  company  meantime  being  restrained 
from  selling  any  more  water  rights  until  the  case  is  finally  adjudicated. 
The  expenses  of  this  case,  as  well  as  that  concerning  the  reservoir's 
own  suit,  were  paid  by  the  reservoir  company,  and  hence  swells  the 
account  on  this  score. 

As  regards  its  own  suit  to  compel  the  company  to  carry  the  water, 
an  order  to  this  effect  was  obtained  from  the  county  court  of  WeW 
County,  which  was,  nearly  as  soon  as  given,  countermanded  by  * 
judge  of  Arapahoe  district  court  in  the  absence  of  the  judge  of  tliifl 
district;  but  upon  hearing  before  this  same  judge,  he  reversed  his  o^^ti 
decision,  and  the  farmers  were  allowed  to  carry  their  reservoir  water 
in  the  canal  of  the  company. 

This  was  allowed  partly  on  account  of  a  statute  of  the  State  provi^i' 
ing  that  a  canal  already  in  existence,  and  having  the  capacity  aiB« 
proper  location  to  carry  the  water  of  a  party  not  an  owner  of  tli^ 
canal,  must  carry  it,  and  so  prevent  burdening  the  real  estate  witl* 
parallel  canals,  which  were  becoming  a  nuisance  before  the  ena<5^' 
ment  of  this  law.     In  the  present  instance,  if  the  farmers  had  bee^ 
forced  to  build  a  canal  to  distribute  their  water,  it  must  have  bea^^ 
either  immediately  above  or  below  a  canal  some  40  feet  wide,  and  x*- 
above,  thev  would  have  to  flume  across  this  canal  wherever  there  w 
a  lateral,  the  laterals  being  the  property,  in  part  at  least,  of  t 
farmers  who  had  lands  under  them.     These  laterals  were  as  frequet*^*^ 
as  one  a  mile.     On  the  other  hand,  if  below,  they  would  have  to  flunm^  ^ 
the  reservoir's  canal  over  each  of  these  laterals,  in  fact,  making  a  moc^^ 
strosity  of  construction,  a  monument  of  human  perversity  and  foUy^^ 

Of  course,  although  the  canal  in  an  equitable  sense  belonged  t:-^^ 
each  farmer  in  proportion  to  the  quantity  of  water  he  had  purchase^^ 
to  be  delivered  through  it  to  his  land,  still  legally  the  canal  belonge?^ 
to  the  canal  company,  and  what  the  reservoir  people  got  was  a  teio^ 
porary  easement  for  the  use  of  the  canal  when  there  was  but  little  of 
no  water  in  the  river  to  which  the  canal  was  entitled,  and  for  thi^ 
temporary  use  they  were  expected  to  pay.     Another  suit  in  court  fixed 
the  amount,  which  was  made  low  by  the  jury,  no  doubt  on  account  of 
the  virtual  part  ownership  of  the  farmers  in  the  canal. 
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They  had  paid,  on  an  average,  $1,000  apiece  for  each  80-acre  water 
right,  which  was  to  be  1.44  cubic  feet  per  second  when  there  was  water 
enough  in  the  river.     Taking  out  some  30  preferred  rights  granted 
the  owners  of  the  old  ditch,  there  were  in  force  some  340  of  these 
rights,  for  which  the  company  had  received  $340,000,  while  the  con- 
struction of  the  canal  had  not  cost  more  than  $150,000.     It  was  a  part 
of  the  contracts  with  the  farmers  that  they  should  become  shareholdei'S 
in  the  company  as  soon  as  the  estimated  capacity  of  the  canal  had 
been  reached.     But  this  question  was  in  court,  and,  as  we  saw  above, 
has  been  decided  in  favor  of  the  farmers,  namely,  that  it  had  been 
reached  at  the  time  they  enjoined  the  company  from  further  sales  of 
water  rights,  because  the  deficiency  of  water  in  the  river  during  the 
ordinary  irrigation  season  prevented  the  company  from  being  able  to 
furnish.     The  ambiguous  phrase  "capacity  to  furnish"  was  at  last, 
and  by  the  highest  court,  construed  against  the  company,  which  was 
the  drawer  of  the  instrument,  in  accordance  with  the  general  practice 
of  the  courts. 

LAKE  LEE. 

At  the  time  the  order  of  the  county  court  was  issued  to  allow  the 
reservoir  people  to  take  possession  of  the  canal  and  run  their  water 
through  to  those  entitled  to  receive  it,  there  was  running  in  the  canal 
®^^iae  19  cubic  feet  of  water  per  second  belonging  to  its  old  appropria- 
tion.   This  was  being  stored  in  a  reservoir  named  "Lake  Lee,"  an 
^^pansion  of  the  canal  some  15  miles  below  its  head.     Its  area  is 
*tK>iit  90  acres,  and  a  depth  of  9  feet  can  be  drawn  off  when  it  is  filled 
^  tihe  limit  of  height.     When  the  water  of  the  reservoir  was  turned 
^^tio  the  canal,  it  mixed  with  that  carried  by  the  canal  for  the  benefit 
^^    »11  consumers,  while  those  o\^Tiing  and  entitled  to  reservoir  water 
^^1^  about  one-half  of  the  consumers.     The  order  of  the  court  there- 
*^^e  put  the  canal  for  certain-named  days  wholly  in  the  hands  of  the 
^^ervoir  people,  under  the  penalty  of  damages  to  the  other  consumers. 
^  l^e  writer  was  put  in  charge  of  the  reservoir  and  canal  at  these  times 
^^d  until  more  amicable  relations  were  restored.     The  plan  adopted 
^"^s  to  carefully  measure  the  height  of  water  in  Lake  Lee  at  the  time 
^^e  reservoir  water  reached  it,  and  then  to  make  an  estimate  as  to  the 
*^^ight  to  which  the  quantity  in  the  canal  would  fill  it  during  the  days 
^Vle  reservoir  water  was  being  run.     When  the  run  was  about  finished, 
^Ixe  outlet  gates  of  Lake  Lee  were  shut,  so  that  there  would  be  in  it 
for  all  consumers  what  it  was  estimated  would  have  been  in  it  if  the 
Reservoir  water  had  not  been  run.     The  instructions  of  the  reservoir 
Managers  were  to  be  sure  and  err  on  the  side  of  leaving  enough  in 
luake  Lee,  and  the  result  was  that  no  damages  were  claimed  by  the 
other  consumers  for  loss  of  water  by  the  operation  of  the  canal  by 
the  reservoir  company.     PI.  XII  shows  the  Larimer  and  Weld  Canal 
at  Lake  Lee  gates. 
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WINDSOR  RESERVOIR. 

It  will  be  observed  that  this  reservoir  water  was  the  property  of 
about  one-half  of  the  consumers  under  the  Larimer  and  Weld,  and 
hence  that  only  in  the  few  cases  where  the  others  rented  did  they 
enjoy  the  use  of  the  water.     As  a  consequence,  only  those  having 
reservoir  water  made  a  potato  crop.     Those  outside  of  the  reservoir, 
of  whom  the  leader  was  B.  H.  Eaton,  the  owner  of  some  15,000  acres 
under  the  canal,  undertook  the  construction  of  a  reservoir  for  them- 
selves.    There  is  an  excellent  site  for  a  reservoir  some  25  miles  from 
the  head  of  the  canal  and  close  to  it.     The  bottom  of  the  canal  at 
this  point  is  about  50  feet  above  that  of  the  reservoir.     It  has  been 
filled  to  the  depth  of  28  feet  and  the  water  stored  in  it  has  been  use^ 
for  three  years  by  means  of  the  system  of  exchange  before  describe<i^ 
The  cost  of  the  reservoir  up  to  date  has  been,  as  itemized  by  Mr.  Eatoxx, 
as  follows: 

Land $20,000 

Condemnation  and  attorneys'  fees 5, 000 

Outlet  and  inlet,  the  latter  consisting  mostly  in  enlarging  the 

Larimer  and  Weld  Canal  from  river  to  reservoir  inlet 10, 000 

Surveying 1,000 

Condnit  and  embankment 16,000 

Total 52,000 

The  owners  expect  to  expend  $23,000  more  to  make  it  hold  12  f^^^ 
more,  or  a  depth  of  40  feet  of  water  at  the  conduit.     This  will  ^^ 
expended  partly  on  the  main  canal,  to  enable  it  to  take  in  flood  wat^^'' 
from  the  river  for  storage,  and  partly  on  the  embankment.    Wli^^ 
the  water  is  raised  to  the  height  of  40  feet,  it  is  estimated  the  res^^" 
voir  will  hold  1,000,000,000  cubic  feet. 

The  work  on  the  embankment  near  the  outlet  conduit  is  in  a  very 
incomplete  state,  as  will  be  seen  from  the  accompanying  view,  Pl. 
XIII,  taken  from  the  inside  of  the  reservoir  when  the  water  was  drawn 
off.  This  shows  the  masonry  in  front  and  over  the  stone  arch  which 
forms  the  outlet.  The  gate,  which  is  about  4  feet  by  5  feet,  is  raised 
by  a  screw  and  lever.  There  is  no  flank  masonry  nor  rock  riprapping 
to  protect  the  earth  embankment.  Such  protective  works  were 
attempted  by  use  of  posts,  poles,  wire,  and  straw,  but,  as  seen  in  the 
view,  these  were  wrecked  by  the  waves. 

The  conduit  is  of  masonry  laid  in  Portland  cement;  the  bottom  is  of 
large,  thick  flagging  stones  procured  in  the  foothills;  the  sides,  3 
feet  high  and  4  apart,  are  crowned  with  an  arch  2  feet  high  in  the 
center;  the  walls  of  sides  and  arch,  2  feet  thick,  are  of  rubble 
masonry,  resting  upon  the  soft  shale  rock,  which  has  between  it  and 
the  flagging  that  forms  the  bottom  some  6  inches  of  concrete  made 
of  gravel,  sand,  and  Portland  cement.  There  have  been  no  signs  of 
leakage  along  the  surface  of  the  conduit,  but  there  is  a  tendency  to 
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leak  just  above  the  shale  into  the  outlet  ditch  below  the  end  of  the 
masonry  of  the  conduit. 

After  the  water  has  been  raised  in  this  and  similar  reservoirs  the 
overlying  clay  becomes  softened  and  sloughs  off  into  the  outlet  canal. 
This  was  the  occasion  for  great  fear  on  the  part  of  the  people  living 
under  the  Larimer  and  Weld  Reservoir  during  1895.  A  score  or  more 
of  families  abandoned  their  houses  one  rainy  night  when  the  reservoir 
was  full  and  looked  threatening.  It  is  now  proposed  to  wall  up  the 
outlet  canals  below  the  masonry  conduits  with  a  dry  stone  wall  filled 
behind  with  gravel,  which  will  allow  the  water  to  leak  through  while 
it  prevents  sloughing  off. 

When  the  Windsor  Reservoir  is  complete  it  is  planned  to  draw  off 
the  water  at  two  levels,  the  one  at  the  bottom,  now  in  use,  and  another 
at  a  level  20  feet  higher  and  distant  200  feet.  The  water  from  the 
upper  outlet  will  be  dropped  into  the  same  canal  that  is  now  used  for 
the  bottom  level.  The  reason  given  for  this  is  ease  of  management  of 
the  gates,  which  would  be  hard  to  raise  under  a  pressure  of  40  feet. 

LARIMER  COUNTY   CANAL. 

Larimer  County  Canal  is  to  the  north  of  and  in  general  parallel 
with  the  Larimer  and  Weld  Canal,  covering  a  strip  of  land  above  the 
latter.  It  heads  on  Cache  la  Poudre  Creek,  about  8  miles  higher  up, 
but  for  its  water  supply  this  canal  has  for  the  most  part  been  depend- 
ent upon  a  system  of  reservoirs,  since  it  is  the  latest  of  those  of  large 
size  in  the  valley,  being  preceded  by  99  claims,  aggregating  4,082.65 
second-feet.  In  order  of  priority  it  follows  third  after  the  North 
Poudre  Canal  and  Reservoir  Company,  there  being  two  claims  of 
157.40  feet  between.  By  its  head  in  the  main  river,  however,  it  obtains 
late  water  whenever,  at  rare  intervals,  there  is  any. 

This  canal  was  built  by  residents  of  the  valley,  who,  though  having 
the  evidence  of  a  deficiency  of  water  before  them,  yet  hoped  that  the 
unusually  large  supply  of  previous  years  would  prevail  in  the  future. 
They  overestimated  not  only  the  supply  obtainable  for  storage  in  res- 
ervoirs, but  also  the  land  that  could  be  sufficiently  irrigated  from  a 
given  amount  of  water.  Hence  it  may  be  said  that  until  the  last  two 
years  farming  under  this  canal  has  been  a  series  of  failures.  This 
company  has  on  the  plains  six  reservoirs  fed  by  the  canal.  Of  these 
two  are  important.  Long  Pond  and  Rocky  Ridge.  These  have  a 
united  capacity  of  340,000,000  cubic  feet,  or  7,500  acre-feet.  The  total 
storage  capacity  of  all  its  reservoirs  claimed  is  480,000,000  cubic  feet, 
or  10,560  acre- feet. 

CHAMBERS  LAKE  RESERVOIR. 

A  company  known  as  the  Larimer  County  Reservoir  Company  placed 
a  dam  in  the  outlet  of  Chambers  Lake,  a  natural  storage  basin  near 
the  head  waters  of  the  Middle  Fork  of  Cache  la  Poudre  Creek.    The 
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irrigators  interested  in  the  waters  of  this  stream,  fearing  a  scarcity 
of  supply,  commenced  suit  on  the  ground  that  the  statute  gave  only 
the  right  to  take  water  from  a  stream  and  store  it,  and  not  to  place  a 
storage  dam  in  the  stream  itself.  The  dam,  however,  was  constructed, 
but  on  June  9,  1891,  it  broke,  letting  the  contents  of  the  reservoir 
sweep  down  the  channel  of  the  river  and  inflicting  much  damage  upon 
the  farms  situated  in  the  narrow  mountain  valley.  Passing  through 
the  canyon  below  the  valley,  it  overspread  the  lower  bottom  lands, 
carrying  away  bridges,  the  force  gradually  diminishing  as  the  mouth 
of  the  river  was  reached. 

The  parties  injured  sued  and  recovered  damages,  and  as  the  reser- 
voir company  had  no  property  but  the  destroyed  dam,  suits  were 
brought  against  the  Larimer  Canal  Company,  on  the  ground  that  since 
it  had  been  renting  the  water  and  was  the  controlling  factor  of  the 
reservoir  company  it  should  be  held  responsible.  It  was  held  that 
any  one  placing  a  dam  in  a  natural  stream  was  responsible  for  injury 
resulting  from  its  destruction. 

The  irrigators  of  the  valley  as  a  rule  were  not  displeased  to  have 
this  dam.  destroyed,  as  it  was  generally  believed  that  water  was 
unjustly  taken  from  the  river.  The  dam  being  70  miles  above  the 
gaging  station,  out  of  the  reach  of  the  river  commissioner,  and  wholly 
in  charge  of  employees  of  the  canal  company,  it  was  impossible  to 
verify  this  belief.  The  experience  gained  here  justifies  the  statement 
that  no  structure  of  this  kind  should  be  built  except  under  State 
supervision  or  in  accordance  with  regulations  prescribed  by  the  State 
engineer,  such  as  will  insure  absolute  safety  in  the  building  and  man- 
agement of  dams,  especially  those  upon  the  main  drainage  lines. 

SKY  LINE  DITCH. 

In  1892  the  company  owning  the  Larimer  County  canal  was  reor- 
ganized under  the  name  "Water Supply  and  Storage  Company," and 
during  the  next  year  undertook  the  work  of  building  a  ditch  above 
Chambers  Lake  for  the  purpose  of  diverting  into  Cache  la  Poudre 
Valley  water  from  the  upper  feeders  of  the  Laramie  River,  a  tributej 
of  the  North  Platte.  This  ditch,  shown  in  Pis.  I  and  XIV,  bearathe 
graphic  name  of  the  "Sky  Line,"  as  it  is  about  10,000  feet  in  altitinte' 
It  is  5  miles  long,  has  a  capacity  of  about  100  second-feet,  and  0O8t 
$90,000.  The  work  was  practically  all  in  rock,  with  but  little  I^PDi- 
ing.  In  places  it  was  necessary  to  build  a  bench  of  timber  to  suspcfft 
the  lower  bank,  which  is  mostly  of  rock. 

The  Sky  Line  ditch  takes  water  from  streams  so  high  up  tbl^  i* 
receives  no  supply  until  about  the  middle  of  June.  The  river  UOBi- 
missioner  estimates  the  amount  delivered  in  1895  at  650,000,000  ObWc 
feet,  or  14,300  acre-feet.  During  the  season  tvhen  water  is  bd]igiii& 
the  company  keeps  three  men  on  this  short  canal  to  maintain  it  and 
to  regulate  the  flow  at  the  head  so  as  to  get  as  much  water  as  poasibte' 
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I  it  is  70  miles  above  the  gaging  station,  the  river  commissioner  can 
b  visit  this  canal  to  ascertain  how  much  it  is  furnishing  the  river, 
i  must  depend  upon  the  reports  made  by  mail  three  times  a  week 
the  party  in  charge.     When  it  has  a  full  supply  it  furnishes  about 

feet,  but  later,  by  the  1st  of  Sept.ember,  it  sinks  to  25  feet.  Dur- 
1894  and  1895  the  water  from  the  Sky  Line  ditch  and  that  stored 
tie  reservoirs  has  been  practically  all  the  supply  the  Larimer  County 
tsl  has  had,  and  fair  crops  have  been  made.  The  capacity  of  the 
sd  on  the  plains  is  said  to  be  469  feet,  but  it  is  apparent  that  it  has 
y  a  sure  supply  of  100  feet  besides  the  reservoirs,  the  contents  of 
Lch  are  now  used  before  the  water  from  the  Sky  Line  is  available, 
ince  the  reservoirs  belonging  to  this  canal  are  filled  from  it,  the 
ber,  being  at  a  lower  elevation,  can  riot  run  back  and  be  distributed 
means  of  it.  Hence  other  distributing  canals  would  need  to  be 
It  and  could  supply  water  only  to  the  lower  lands.  Instead  of 
8,  a  system  of  exchange  with  the  river  has  been  adopted  through 
'  consent  of  all  parties  and  in  accordance  with  a  ruling  by  the  State 
^neer.  This  may  be  effected  either  by  dropping  the  water  of  the 
ervoirs  back  into  the  river  for  the  use  of  canals  below,  which  are 
older,  or  it  may  be  accomplished  by  running  the  reservoir  water 
eetly  into  either  the  Larimer  and  Weld  or  the  Cache  la  Poudre 
nal  when  either  is  entitled  to  water.  An  equal  amount  is  then 
imed  from  the  river.  Not  only  do  the  reservoirs  of  this  canal  make 
s  exchange,  but  also  those  filled  from  the  Larimer  and  Weld  Canal 
xt  below.  This  receives  the  river  water  of  the  Cache  la  Poudre 
nal,  which  is  just  below  and  also  older.     This  exchange  has  worked 

II  and  is  a  great  saving  of  expense  in  construction  of  distributing 
lals.  It  also  renders  the  water  available  for  all  the  lands  that  the 
lal  can  reach. 

The  reservoirs  of  the  Larimer  County  Canal  Company  have  not 
3n  very  expensive  to  construct,  as  but  little  or  no  embankments 
ve  been  made.  The  conduits  from  the  two  principal  ones  are  made 
rock,  the  bottom  and  cover  of  large,  thick  flagstones,  with  joints 
ed  with  cement  mortar,  and  the  sides  are  of  rubble  masoniy  laid  in 
nent.  The  largest  two  can  be  filled  to  30  feet,  and  the  gates  are 
sed  by  a  screw.  Each  cost  for  construction  about  110,000  and 
000  for  right  of  site. 

APPROPRIATIONS  FROM  CACHE  LA  POUDRE  CREEK. 

[n  addition  to  the  three  canal  systems  described  above  there  are 
all  about  25  other  canals  and  ditches  taking  water  from  Cache  la 
udre  Creek,  most  of  these  being  relatively  small.  Without  describ- 
j  these  it  will  be  recognized  that  the  apportionment  of  water  among 
these  canals  and  ditches  must  be  a  matter  of  extreme  difficulty, 
is  further  complicated  by  the  fact  that  many  of  these  have  more 
m  one  appropriation,  so  that  although  a  list  of  the  ditches  as  given'' 
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on  pages  51-52  shows  only  28,  there  have  been  up  to  1888  as  many  as 
104  separate  appropriations  of  water  from  Cache  la  Poudre  Creek  and 
its  tributaries,  these  being  due  to  the  amount  of  water  claimed  at  the 
original  construction  and  by  the  several  enlargements,  especially  of 
the  older  ditches.  The  matter  is  fully  set  forth  in  the  following  table 
taken  from  the  State  Engineer's  Report  for  1 888 :  * 

Appropriations  from  Cache  la  Poudre  Creek, 


Order 
of  pri- 
ority 
in  dis 
trict. 


1 
2 

3 
4 
5 
6 

7 
8 

9 
10 
11 

12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 


Name  of  ditch,  canal,  or  reser- 
voir. 


Yeager 

Watrous,  Whedbee  &  Sec- 

ord 

Dry  Creek 

Pleasant  Valley  and  Lake . . 

Pioneer 

Boyd  &  Freeman 

Whitney 

Yeager  (upper  branch), 

first  enlargement 

B.H.  Eaton... 

Larimer  and  Weld 

Pleasant  Valley  and  Lake. 

first  enlargement 

Pioneer,  first  enlargement . 

John  Q.  Coy 

John  R.  Brown 

Box  Elder 

Chamberlin 

Taylor  &  Gill_.._ 

B.  H.  Eaton,  first  enl 

Watrous,  Whedbee  &  Sec- 

ord,  first  enlargement  . . 
Boyd  &  Freeman,  first  enl. 
Larimer  and  Weld,  first  enl . 
Mason  &  Hottell  mill  race . 

Box  Elder,  first  enl 

Wm.  R.  Jones 

Josh  Ames 

Martin  Calloway  a 


Date  of  appro- 
priation. 


June    1,1860 


June  1 
June  10 
Sept.  1 
Mar.  1 
Mar.  15 
Sept.    1 

June  1 
Apr.  1 
June    1 

June  10 
Sept.  15 
Apr.  10 
May  1 
Mar.  1 
Apr.  1 
Apr.  15 
June    1 

July  1 
July  15 
Apr.  1 
Apr.  15 
May  25 
Sept.  1 
Oct.  1 
Mar.    1 


1861 
1861 
1861 
1862 
1862 
1862 

1863 
1864 
1864 

1864 
1864 
1865 
1865 
1866 
1866 
1866 
1866 

1866 
1866 
1867 
1867 
1867 
1867 
1867 
1868 


Cubic  feet 
of  water 
per  second 
decreed  to 
each  prior- 
ity. 


24.80 

1.44 
11.67 
10.97 
12.92 
66.05 
48.23 

8.70 

29.10 

3.00 

29.63 
16.67 
31.63 

8.00 
32.50 
14.83 
18.48 

3.33 

4.33 
9.00 
16.67 
93.07 
8.33 
15.52 
35.92 
15.22 


Sammation 

of  decree  to 

each  ditch, 

canal,  or 

reservoir. 


Cubic  feet 
of  water 

proTioo^F 
appropri- 

atea  in  dis- 
trict 


33.50 


40.60 
29.59 


32.43 

5.77 
75.05 
19.67 


40.83 


24. 8» 
26.24: 
37.91 
48.88 
61.83 
127.85 

176.  (» 
184. 7S 
213. 8S 

216.83 

246.51 

263.18 

294.81 

802.81 

335.31 

350.14 

368.62 


371.95 
876.28 
385.28 
401.95 
495.03 
503.35 
518.87 
554.79 


>  Fourth  Biennial  Report  of  the  State  Engineer  of  Colorado  for  the  years  1887  and  1S88,  pp.  1^ 
149, 150. 
a  Takes  water  from  Boxelder  Creek. 
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Appropriations  from  Cache  la  Poudre  Creek — Continued. 


>rder 
>f  })ri- 
onty 
u  dJK- 
trict. 


27 


28 
29 

50 
51 
32 
33 
34 

35 
36 
37 

38 

39 
40 
41 
42 
43 
44 

45 

46 
47 

48 
iO 

50 
U 


>2 


53 


Name  of  ditch,  canal,  or  reser- 
voir. 


Noah  and  Philo  Bristol 

(lower)  a 

Ca&on  Canal  Co 

Watrous,  Whedbee  &  Sec- 

ord,  second  enl . . 

Box  EUder,  second  enl 

Irrigating  Ditch  Co 

Fort  Collins 

New  Mercer  Ditch  Co 

Noah  and  Philo  Bristol 

(upper)  a 

Canal  No.  8,  Union  Colony. 

Dry  Oeek,  first  enl 

Cache  la  Poudre  Co 

Fort    Collins    Irrigating, 

first  enlargement 

Bumham  &  Emerson  &....' 

Wm.  Calloway  No.  1  c 

Mill  Power 

Fletcher 

Whitney,  first  enl 

Cache  la  Poudre  Co.,  first 

enlargement 

Larimer  and  Weld,  second 

enlargement 

Canal  No.  3,  first  enl 

New   Mercer   Ditch    CJo., 

first  enlargement 

Chaffee  Irrigating ...: 

New  Mercer  Ditch  Co. ,  sec- 
ond enlargement  

Canal  No.  3,  second  enl 

Pleasant  Valley  and  Lake, 

second  enlargement 

Fort    Collins    Irrigating, 

second  enlargement 

B.  H.  Eaton,  second  enl . . . 


Date  of  appro- 
priation. 


Cubic  feet 
of  water 
per  second 
decreed  to 
each  prior- 
ity. 


Mar.  10 
Mar.  15 

June  1 

July  1 

May  1 

June  1 

Sept.  1 


Mar.  1 
Apr.  1 
Oct.  21 
Oct.   25 

Apr.     1 

do 

May  1 
July  1 
Sept.  1 
Sept.  10 


Sept.  15 

Sept.  20 
Oct.  1 

Oct.  10 
Mar.  15 

July  1 
July  15 

July  19 

July  20 
July  25 


1868 
1868 

1868 
1868 
1869 
1869 
1869 


1870 
1870 
1870 
1870 

1871 


1871 
1871 
1871 
1871 

1871 

1871 
1871 

1871 
1872 

1872 
1872 

1872 

1872 
1872 


15.22 
8.60 

4.33 
11.93 
60.08 

1.67 

4.17 

14.83 

52.00 

14.42 

110.00 

31.66 
26 

21.05 
160 
63.16 
12.95 

170 

75 
41 

8.33 
22.38 

15 
63.13 

16.50 

33.33 
9.26 


Summation 

of  decree  to 

each  ditch, 

canal,  or 

reservoir. 


10.10 
52.76 


26.09 


33.33 


61.18 

280 

94.67 
93 

12.50 


27.50 
156. 13 

57.10 

66.66 
41.69 


Cubic  feet 
of  water 
previously 
appropri- 
ated in  dis 
trict. 


570. 01 
585.23 

593.83 
598.16 
610.09 
672. 17 
673.84 

678. 01 
692.84 
744.84 
759. 26 

869.26 
900.92 
926. 92 
947.97 
1,107.97 
1,171.13 

1,184.08 

1,354.08 
1,429.08 

1,470.08 
1,478.41 

1,500.79 
1,515.79 

1,578.92 

1,595.42 
1,628.75 


a  Takes  water  from  Boxelder  Creek. 

6  Takes  water  from  Lone  Pine  Creek. 

c  Tiikes  water  from  north  fork  of  Cache  la  Poudre  Creek. 
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Appropriations  from  Cache  la  Poudre  Creek — Continned. 


Order 
of  pri- 
ority 
in  dis 
trict. 


I 


54 
55 
56 
57 

58 
50 
60 
61 
63 

63 
64 
65 
66 

67 
68 
69 
70 

71 

72 

73 

74 
75 
76 

77 
78 
79 
80 
81 
82 


Name  of  ditch,  canal,  or  reser- 
voir. 


Lake  Canal 

Wm.  S.  Taylor 

Ca&on  Canal  Co.,  first  enl  . 
Larimer    Connty    Canal, 

No.2 

Irrigating  Ditch,  first  enl. . 

Canal  No.  3,  third  enl 

Aquilla  Morgan  a 

Brown  No.  16 

Boyd  &  Freeman,  second 

enlargement 

Brown  No.  26 

Stradevant  No.  1  c 

Strndevant  No.  2  c 

Fort    Collins     Irrigating 

Ditch,  third  enl 

Dry  Creek,  second  enl 

Vandewark 

Brown  No.  36 

Mitchell     &     Weymonth 

No.  Id 

Andrew  Boyd  et  al.  6 

Cache  la  Pondre  Co.  Canal, 

second  enlargement 

Larimer    &   Weld,   third 

enlargement 

Wm.  Calloway  No.  2  a 

Witzler  et  al.  d 

Warren     Lake   Reservoir 

(see.  56) 

Brown,  No.  4a 

Kitchel  &  Ladd 

Brown,  No.  5a 

Brown,  No.  6a 

Witzler  et  al.,  first  enl.  d  _ . 
Brown,  No.  7a 


Date  of  appro- 
priation. 


Nov.  1 
Mar.  15 
Mar.  20 


Apr.  1 
May  1 
May  15 
July  1 
do 


Ang.  1 
Aug.  15 

do 

Aug.  20 

Sept.  1 
Sept.  15 
May  1 
May  15 

do 

Nov.  1 

Nov.  10 

Jan.  15 
Jan.  28 
Mar.  22 

Apr.  15 
May  1 
Oct.  1 
June  1 

do. 

Mar.  1 
June  1 


1872 
1873 
1873 


1873 
1873 
1873 
1873 


1873 
1878 


1873 

1873 
187^ 
1874 
1874 


1874 

1874 

1875 
1875 
1875 

1875 
1875 
1875 
1876 


1877 

1877 


Cabic  feet 
of  water 

Ser  second 
ecreed  to 
each  prior- 
ity. 


158.35 
28.60 
48.88 

175 

20.42 

16.65 

17.65 

9.38 

24.23 

3.32 

10.66 

10.66 

63.28 

12.13 

10.17 

3.32 

17.36 
15.03 

184 

54,33 
14.16 
10.36 


6.72 

2.95 

6.72 

6.72 

3 

2.85 


Sonunation 

of  decree  to 

each  ditch, 

canal,  or 

reservoir. 


57.48 


82.50 
172.80 


99.28 


129.94 
38.22 


464 


149 


13.36 


Cabic  feet 
of  wBter 

preyioiuly 
appropri- 

atea  in  dis- 
trict 


1,638.01 
1,796.36 
1,824.96 

1,873.84 
2,048.81 
2,069.36 
2,085.91 
2,103.56 

2,112.94 
2,137.17 
2,140.49 
2,151.15 

2,161.81 
2,225.09 
2,237.22 
2,247,89 

2,250.71 
2,268.06 

2,283.09 

2,467.09 
2,521.42 
2,535.58 


2,545.94 
2,552.66 
2,555.61 
2, 562. 33 
2, 569. 05 
2, 572. 05 


a  Takes  water  from  north  fork  of  Cache  la  Pondre  Greek. 

b  Takes  water  from  Pish  Creek. 

c  Takes  water  from  Boxelder  Creek. 

d  Takes  water  fro  mLone  Pine  Creek. 
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Appropriations  from  Cache  la  Poudre  Creek — Continned. 


Order 
of  pri- 
ority 
in  dis- 
trict. 


83 

84 
85 
86 
87 
88 

89 
90 
91 
92 

93 
94 
95 

96 

97 

98 

99 
100 
101 
102 

103 
104 


Namie  of  ditch,  canal,  or  reser- 
voir. 


Cache  la  Pondre  Co.  's,  third 

enlargement 

Henry  Smith 

Abram  Washburn,  No.  1 . . . 

Roberts,  No.  la 

Boxelder  Reservoir  Co.  h  . . 
Larimer  and  Weld,  fourth 

enlargement 

Carter  Cotton  mill  race 

Abram  Washburn,  No.  2. . . 

Dry  Creek,  third  enl 

Pleasant  Valley  and  Lake, 

third  enlargement 

John  McKay  et  al.  a 

Fi8k,No.2a 

Carter  Cotton  mill  race, 

first  enlargement 

Mitchell  &  Weymouth,  No. 

2c 

North  Poudre  Land,  Canal 

and  Res.  Co.  a 

New   Mercer   Ditch    Co., 

third  enlargement 

Chase  a _ 

Larimer  County 

Eagle  Ranch  a 

Pleasant  Valley  and  Lake, 

fourth  enlargement 

Emerson  Bros,  c 

Roberts,  No.  1,  first  enl  a  . . 


Date  of  appro- 
priation. 


Sept.  15, 1877 
Apr.  1, 1878 
Apr.  15,1878 

do 

June  18, 1878 

Sept.  — ,  1878 
Apr.  1, 1879 
Apr.  15,1879 
July  15,1879 

Aug.  18, 1879 
Sept.  1,1879 
Dec.  1,1879 

Dec.  31,1879 

Jan.  19,1880 

Feb.  1,1880 

Feb.  15,1880 
July  7,1880 
Apr.  25,1881 
Oct.     1,1881 

Oct.  10,1881 
Apr.  15,1882 
Sept.    1,1882 


Cubic  feet 
of  water 

Ser  second 
ecreed  to 
each  prior- 
ity. 


121 

7.23 

9.57 

5.76 

17.50 

571 

127. 30 
15.43 
12.70 

80.83 

3.40 

10.28 

37.17 

16.27 

315 

136 
21.40 
469.80 
5.02 


29.88 
dA.m 


Summation 

of  decree  to 

each  ditch, 

canal,  or 

reservoir. 


585 


rso 


50.92 


137.93 


164.47 


163.50 


Gnbiofeet 
of  water 
previously 
appropri- 
ated in  dis- 
trict. 


3, 574. 90 
2, 695. 90 
2, 703. 13 
2, 712. 70 
2, 718. 37 

2, 735. 87 
3,306.87 
3. 434. 17 
3, 449. 60 

3, 462. 30 
3, 543. 13 
3, 546. 53 

3, 556. 81 

3, 593. 98 

3, 610. 25 

3,925.25 
4,061.25 
4, 082. 65 
4, 552. 45 


4,602.65 
4, 632. 53  , 


o  Takes  water  from  north  fork  of  Cache  la  Poudre  Creek. 

6  Takes  water  from  Boxelder  Creek. 

c Takes  water  from  Lone  Pine  Creek. ^ 

d  Up  to  1897  only  two  changes  have  been  made  in  this  table.  The  first  is  in  the  redaction  of 
No.  1,  Yeager  Ditch,  from  34.80  cubic  feet  per  second  to  3  cubic  feet  per  second.  The  second  is  a 
change  in  the  order  of  priorities,  by  which  Ko.  100,  Larimer  County  Canal,  becomes  97  and  old 
97, 96,  and  99,  become,  respectively,  96,  99,  and  100. 

The  above  table  is  worthy  of  especial  notice,  since  it  is  the  guide 
for  the  district  water  commissioner  in  his  distribution  of  water. 
When  an  earlier  appropriator  oi  wat^r  has  less  at  his  head  gate  than 
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he  needs,  and  when  he  believes  that  some  later  appropriator  farther 
up  the  stream  is  getting  water  to  which  he  deems  himself  entitled,  he 
notifies  the  water  commissioner,  usually  by  telephone,  of  the  situation, 
and  if  the  commissioner  deems  his  complaint  well  grounded.  No.  104  is 
shut  off,  then  103,  and  so  on  up  the  list  until  the  deficiency  is  remedied. 

It  will  be  seen  that  some  of  the  canals  have  several  enlargements, 
each  of  which  stands  upon  its  date  of  construction,  as  decreed  by  the 
district  court.  Cache  la  Poudre  Company's  Canal — original  name, 
No.  2,  of  Union  Colony — is  an  example.  The  original  construction, 
No.  37,  dates  back  to  October  25, 1870.  It  is  credited  with  a  capacity 
of  110  second-feet,  but  there  were  36  claims  on  the  river  preceding  it, 
demanding  in  the  aggregate  759.26  second-feet.  The  first  enlarge- 
ment. No.  44,  dates  from  September  15, 1871,  and  is  credited  with  170 
second-feet,  which  at  that  date  made  its  total  capacity  280  second- 
feet.  At  that  time  43  claims  preceded  it,  with  an  allowance  of  1,184.08 
second-feet.  The  second  enlargement,  No.  72,  dates  fix)m  November 
10, 1874,  and  is  credited  with  184  second-feet,  making  in  all  464  second- 
feet.  This  enlargement  is  preceded  by  claims  for  2,283.09  second-feet. 
The  third  enlargement,  No.  83,  dates  from  September  15,  1877,  and 
calls  for  121  second-feet,  making  in  all  585  second-feet,  being  preceded 
by  claims  for  2,574.90  second-feet. 

The  capacity  of  the  river  is  such  that  if  all  these  claims  were  valid 
there  would  be  scarcely  enough  water  to  allow  this  canal  its  last 
appropriation,  much  less  the  Larimer  and  Weld  for  its  fourth  enlarge- 
ment. No.  88,  or  571  second-feet,  its  principal  appropriation,  but  which 
is  preceded  by  claims  for  2,735.87  second-feet,  which  exceeds  even 
the  average  June  supply  for  every  year  on  record  excepting  1883, 1884, 
and  1885. 

The  third  irrigating  system  in  point  of  size  is  the  Larimer  County 
Canal.  It  is  appropriation  No.  100,  and  the  canals  preceding  it  call 
for  4,082.65  second-feet,  a  volume  to  which  the  river  rarely  ever  rises, 
and  which  has  been  exceeded  only  in  June  1883  and  1884. 

To  illustrate  how  excessive  is  the  rating  of  these  older  ditches,  take 
the  Boyd  and  Freeman  Ditch.  It  stands  No.  6  on  its  original  con- 
struction, and  is  granted  66.05  second-feet,  dating  March  15,  1862,  or 
eight  years  before  the  settlement  of  Union  Colony  at  Greeley.  By 
reference  to  the  table  it  may  be  seen  tnat  this  ditch  claims  only  900 
acres  under  it,  mostly  grass.  This  would  give  a  duty  of  only  13.7 
acres  per  cubic  foot  per  second,  even  if  it  claimed  only  its  first  appro- 
priation. In  addition  to  this,  however,  it  has  two  enlargements,  bring- 
ing its  claims  up  to  99.28  second-feet,  or  a  duty  of  only  9  acres  per 
second-foot.  This  matter  is  further  discussed  at  length  in  the  reports 
of  the  State  engineer,  notably  in  the  Sixth  Biennial  Report,  for  1891 
and  1892,  pages  13  to  17, 
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T>]  EXCESSIVE   RATING   OF   DITCHES.  49 

EXTRAVAGANT  CLAIMS  TO  WATER. 

riiis  excessive  adjudication  was  obtained  largely  by  false  testimony 
was  due  to  the  ignorance  of  the  witnesses,  not  even  those  who  pre- 
ided  to  be  engineers  being  able  to  compute  the  probable  capacity 
a  canal  from  its  slope  and  sectional  area.  Where  formulas  were 
ed  they  were  not  applicable  to  small,  crooked,  poorly  constructed 
«hes,  such  as  were  the  early  ones.  Had  there  been  water  running 
the  river  at  the  time  the  referee  of  the  court  took  the  testimony, 
3  actual  size  of  the  ditches  could  have  been  approximated  somewhat 
)re  closely ;  but  it  was  late  in  the  autumn  of  1879  when  this  was  being 
ne,  and  the  river  was  very  low  at  the  time.  Moreover,  there  was  no 
lempt  made  by  the  referee  to  have  the  ditches  measured.  This 
aid  have  been  done  in  the  case  of  the  smaller  ones,  which  were  also 
3  ones  whose  capacity  were  the  most  excessively  estimated.  How 
ich  the  capacity  of  the  canals  exceeds  the  supply  can  be  seen  by 
mparing  the  above  decreed  allowance  with  the  table  of  estimated 
)an  monthly  flow  given  on  page  27. 

CACHE  LA  POUDRE  CREEK. 

WTien,  in  1870,  the  Union  Colony  settled  in  the  lower  end  of  "the 
ley  and  founded  the  town  of  Greeley,  there  were  only  about  1,000 
•es  in  cultivation,  all  upon  the  bottom  lands  near  the  river,  but  the 
all  canals  then  constructed  claimed  and  had  awarded  them  as 
>ropriated  692.84  second-feet.  There  were  in  all  some  23  small 
ehes  taken  out  of  Cache  la  Poudre  Creek  before  1870.  If  from  this 
oaber  are  taken  4  small  canals  that  were  afterwards  enlarged  and  at 
3  time  claimed  only  42  second-feet,  it  is  found  that  the  19  remain- 
:  ditches  had  under  them  in  crops,  according  to  the  report  of  the 
»te  engineer  for  1888,  only  5,660  acres.  To  water  this  area  they  had 
this  latter  date  claims  awarded  them  to  the  amount  of  650  second- 
t,  or  a  cubic  foot  for  every  10  acres.  However,  a  provision  in  each 
'ree  restrains  each  ditch  to  so  much  of  the  quantity  awarded  as  is 
ded  for  beneficial  use  and  prohibits  all  waste.  There  are  only  9 
^Is  shown  in  the  State  engineer's  report  for  1894  that  have  records 
'he  water  taken  in  at  their  head  gates  for  that  year.  These  had 
>s  to  the  extent  of  106,000  acres,  while  the  remaining  19  had  only 
lit  10,000  acres  under  crops.  The  fact  is  that  by  means  of  the 
Nation  of  the  uplands  under  the  later  larger  canals,  the  lands  under 
^^  lower  canals,  for  the  most  part,  need  no  water,  but  are,  on  the 
tirary,  in  many  instances  transformed  into  swamps, 
here  has  been  an  opinion  prevalent  among  the  owners  of  the 
HDm-land  canals  that  they,  in  some  way,  owned  the  water  awarded 
tite.  court  to  their  ditches  which  they  could  sell  to  other  ditches 
in  they  did  not  need  to  use  it  where  originally  located.  More^^ 
1*,  if  they  did  not  need  all  of  the  water,  or  if,  in  fact,  their  ditches 
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allowed  by  the  courts  affect  every  district  in  the  division  of  the  F 
and  are  even  more  extravagant  in  others  than  in  Cache  la  Poudi 
trict;  BO  the  people  of  Greeley  engaged  an  attorney  to  cross-qui 
witnesses  and  restrict  claims  as  much  as  possible. 


CONSERVATION  OF  WATER  SUPPLY. 

From  a  consideration  of  the  appropriations  of  water  from  Ca< 
Poudre  and  a  comparison  of  tliesc  with  the  amount  actually  fl( 
at  the  upper  end  of  the  valley,  it  is  evident  that  there  must 
deficiency  in  ordinary  years.  In  years  of  scarcity  the  lands  und 
but  the  oldest  canals  do  not  have  sufficient  water  to  enable  tt 
make  a  full  crop.  This  is  demonstrated  by  the  fact  that  in  18t 
crops  under  all  the  later  canals  were  more  than  double  those  c 
averages  of  the  preceding  five  yeai-s,  these  being  periods  of  less 
average  flow.  Even  in  1894  the  lands  under  the  older  canals,  li 
all  the  wat«r  needed,  produced  better  than  those  more  stinted. 
is  shown  by  a  comparison  of  the  lauds  under  the  three  largest  c 
of  the  valley.  These  ai-e  shown  in  the  following  table  in  the  or 
priority  of  appropriations: 


Nsme, 

TotjJ 

ST.S/ 

Dew 

Cache  la  Pondre  Irri(cfttioD  Company's  canal  - . 

22.045 
44,384 
16,714 

70, 610 
77,225 

3.S 

It  is  shown  that  the  acreage  under  the  first  is  about  half  that 
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CROP   STATISTICS. 
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3er  crops,  while  it  had  less  than  two-thirds  as  much  wheat,  less 
m  one-third  as  much  oats,  a  trifle  more  than  its  ratio  of  barley,  but 
3  than  one-fifth  as  many  potatoes. 

These  three  canals,  it  will  be  seen,  have  under  them  about  two- 
rds  of  all  the  land  in  the  valley.  The  rated  capacities  of  these 
lals,  for  which  the  court  has  issued  decrees,  are  580,  720,  and  480, 
»  sum  being  1,780  cubic  feet  per  second.  The  total  claimed  by 
lals  in  this  district  at  the  end  of  1888  and  for  which  decrees  had 
m  granted  them  by  the  court,  as  shown  on  page  47,  was  4,632.53 
:ond-feet;  that  is,  three  canals  have  set  apart  to  them  by  appropri- 
on,  as  the  decrees  of  the  court  stand,  only  about  38.4  per  cent  of 
)  flow  of  the  stream,  while  they  have  66.6  per  cent  of  the  land  irri- 
>ed.  Many  of  the  smaller  ditches  never  could  carry  the  quantities 
ich  were  granted  them  by  decree  of  the  district  court,  and  if  they 
lid  carry  them,  they  could  not  possibly  use  them. 

CROP  AREA. 

rhe  following  table  gives  the  crop  statistics  of  Cache  la  Poudre 
illey  as  obtained  from  a  house-to-house  canvass  of  the  entire  dis- 
ct.  *  Although  absolute  accuracy  is  not  attainable  in  such  matters, 
is  more  nearly  complete  than  anything  of  the  kind  that  has  been 
retofore  attempted  in  this  State.  There  is  also  appended  in  the 
jht-hand  column  a  statement  of  the  water  received  in  1894  by  the  nine 
incipal  canals,  these  being  the  only  ones  concerning  whose  intake 
record  was  kept  by  the  district  commissioner: 

Crop  statistics  in  district  No,  3 — 180J^, 
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Crop  statistics  in  district  JSTo.  3 — 189J^ — Confciniied. 


Name  of  canal  or 
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From  the  above  table  it  will  be  noted  that  there  are  61,120 
recorded  as  waste  and  pasture  land.  Parts  of  this,  perhaps  not 
than  2,000  acres,  are  above  the  levels  of  the  canals,  but  the  large: 
portion  is  near  the  river  and  is  kept  so  wet  by  the  irrigation  o 
uplands  that  it  needs  no  further  application  of  water.  Much  of  i 
changed  into  cat-tail  and  rush-bearing  swamps.  This  is  true  o 
tain  basins  and  valleys  among  the  uplands.  Some  of  these  basins 
been  utilized  as  reservoir  sites.  These  are  chiefly  found  in  the  i 
end  of  the  valley,  on  the  north  side*  The  surface  of  the  countrj 
is  quite  rolling.  The  soil  is  a  somewhat  stiff  clay,  resting  upon; 
argillaceous  shale  which  rises  to  near  the  brim  of  these  basins 
thus  renders  them  nearly  water-tight. 

Nearly  all  the  land  under  cultivation,  that  is,  under  canals,  is  ( 
north  side  of  the  river,  the  only  exception  being  a  small  area  of ) 
12,000  acres  near  Fort  Collins.  The  reason  is  that  below  the 
where  the  canals  on  the  south  side  are  seen  to  terminate  the  le 
the  land  rises  abruptly  from  the  firat  bottom  of  the  river  to  a  l 
of  from  50  to  100  feet.  Near  Greeley  the  bluffs  lower  and  em 
small  area  in  and  near  the  town  to  be  brought  under  a  canal  1 
from  Cache  la  Poudre  Creek  about  6  miles  above  the  place.  The 
region  to  the  south  and  west  of  Greeley  is  irrigated  by  the  Lov< 
and  Greeley  Canal,  which  takes  its  water  from  Big  Thompson  C 
the  next  tributary  of  the  Platte  above  Cache  la  Poudre  Creek. 


t 
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AMOUNT  OF  WATER  USED. 

rhe  mountain  watershed  of  Cache  la  Poudre  Creek  above  the  gag- 
r  station  is  about  1,060  square .  miles,  or  678,400  acres.  The  area 
ually  irrigated  by  the  water  which  passes  this  point  was  computed 
Prof.  L.  G.  Carpenter  to  be  135,000  acres,^  this  being  less  than 
3-fourth  of  the  extent  of  the  mountain  gathering  ground.  The 
al  discharge  as  measured  by  the  intake  of  the  canals  in  1894  during 
)  irrigating  season  is  computed  by  Professor  Carpenter  at  284,000 
•e-f eet.  This  would  give  a  depth  of  run-off  for  that  period  of  about 
ir-tenths  of  a  foot  for  the  mountain  watershed.  This  was  a  year  of 
'  more  than  average  flow.  It  has  been  stated  that  the  average  for 
5  four  years  ending  1892  was  227,302  acre-feet,  which  would  give  a 
pth  of  yearly  run-off  of  about  one-third  of  a  foot, 
rhe  average  discharge  of  all  of  the  tributaries  of  South  Platte  River 

•  the  five  winter  months — November  to  March,  inclusive — for  four 
ars,  as  given  by  the  reports  of  the  State  engineer,  was  472  second- 
3t,  or  141,364  acre-feet.  As  irrigation  is  carried  on  during  the  other 
ven  months,  this  amount  is  all  that  was  available  for  storage  except 
iring  times  of,  flood. 

The  discharge  of  Cache  la  Poudre  Creek  for  the  five  winter  months 
is,  from  an  average  of  these  four  years,  24,858  acre-feet,  a  quantity 
uch  exceeded  by  the  capacity  of  reservoirs  now  constructed.  The 
tal  average  flow  of  the  tributaries  of  Platte  River  for  the  other  seven 
onths  is  approximately  1,900  cubic  feet  per  second,  which  for  213 
iys  would  be  34,966,000,000  cubic  feet,  or  769,252  acre-feet.  The 
i^erage  for  Cache  la  Poudre  Creek  for  same  months  of  the  four  years 
about  500  cubic  feet  per  second,  or  9,202,000,000  cubic  feet,  or 
)2,444  acre-feet. 

The  area  irrigated  in  1892,  as  given  in  the  engineer's  report  for  the 
latte  division,  was  678,620  acres,  while  in  Cache  la  Poudre  district 

•  was  162,239  acres  for  the  same  year.  This  would  give  a  depth  of 
•13  feet  over  the  area  of  the  division  of  the  Platte  and  of  1.24  feet 
>r  the  Cache  la  Poudre  district  from  the  water  received  through  the 
inyons  of  the  respective  streams.  To  this  must  be  added  the 
oaount  received  from  return  seepage,  or  *' underflow,"  which  is  used 
ithin  the  Platte  division.  The  greater  portion  of  the  return  from 
ligation  of  Cache  la  Poudre  district  is  also  used  within  that  district. 
8  nearly  as  can  be  estimated,  the  return  at  that  time  was,  for  the 
hole  division,  about  1,000  second-feet,  while  that  used  in  Cache  la 
oudre  district  is  about  100  second-feet.  This,  added  to  the  depths, 
'Spectively,  would  give  for  the  division  a  depth  of  1.70  feet  of  water 
Pplied,  and  for  the  Cache  la  Poudre  district  1.49  feet. 

The  water  flow  during  the  four  years  under  consideration,  namely, 
^89-1892,  was  below  the  average.     The  amount  of  water  taken  into 
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eolation  from  some  332  miles  of  main  eanals  and  several  times 
length  of  laterals,  which  would  be  not  less  than  20  per  cent, 
amount,  subtracted  from  the  above,  gives  a  depth  of  1.96  feet. 

QUANTITY  AVAILABLE   FOR  STORAGE. 

It  has  been  found  that  the  average  flow  through  the  canyon  fo 
five  months  from  November  to  March  is  about  84  second-feet, 
this  is  added  the  return  underflow  between  the  gaging  static 
the  canyon  and  the  head  of  the  canal  that  feeds  Cache  la  Pc 
reservoir,  there  will  be  had  the  total  winter  water  availabl< 
storage. 

The  shrinkage  in  return  underflow  during  the  wint-er,  whe 
lands  draining  into  the  Poudre  are  not  being  irrigated,  is  great 
the  upper  end  of  the  valley,  between  Fort  Collins  and  the  gi 
station,  than  between  Fort  Collins  and  the  mouth  of  Cache  la  P< 
Creek  on  account  of  the  narrowness  of  the  upper  irrigated  belt 
pared  with  the  lower.  In  other  words,  the  return  underflow  w 
more  constant  in  proportion  to  the  width  of  the  belt  irrigated, 
lands  adjacent  to  the  stream  soon  drain  back  into  it  all  their  si 
water  when  the  source  of  this  is  cut  off. 

The  average  gain  from  the  canyon  down  to  Fort  Collins,  as  i 
by  the  two  autumn  seepage  measurements  of  1893  and  1894,  "9 
second-feet,  and  by  that  of  March,  1894,  was  5  second-feet, 
mean  of  these  gives  a  little  over  16  second-feet,  which  c^n  be 
to  the  winter  flow  through  the  canyon  of  84  second-feet.^  This 
an  average  total  for  storage  purposes  of  100  feet.  All  the  und 
below  this,  out  of  the  irrigation  season,  goes  into  the  Platte  and 
now  stored,  nor  can  it  be  stored  for  use  on  the  lands  of  Ca< 
Poudre  Valley.     Suitable  basins  are  found  below  on  the  north  i 
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The  total  average  winter  supply  of  Cache  la  Poudre  Creek  for  stor- 
age in  reservoirs,  all  of  which  are  now  adjuncts  of  the  four  largest 
canals,  may  therefore  be  set  down  at  100  feet  per  second  for  150  days, 
1,296,000,000  cubic  feet,  or  21), 750  acre- feet.  Those  under  the  North 
Fork  canal  do  not  come  under  this  estimation,  as  the  water  they  have 
been  storing  comes  from  that  tributary  above  the  gaging  station. 

The  reservoirs  of  the  Larimer  County  Canal  claim  458,000,000  cubic 
feet,  the  two  largest  ones  of  the  Larimer  and  Weld  900,000,000,  and 
the  Cache  la  Poudre  Reservoir  claims  368,000,000,  making  in  all 
1,726,000,000  cubic  feet,  and  if  this  be  reduced  30  per  cent  for  over- 
estimation,  we  have  a  corrected  capacity  of  1,208,000,000  cubic  feet, 
or  88,000,000  cubic  feet  less  than  the  average  available  winter  supply. 
But  this  does  not  take  into  account  evaporation  and  percolation  that 
are  taking  place  the  year  round  from  the  reservoirs.  The  five  main 
reservoirs  have  an  average  water  surface  for  the  year  of  about  1,200 
acres,  the  minimum  being  about  300  acres  and  the  maximum  2,100. 
The  evaporation  from  a  water  surface  in  this  climate  is  found  to  be 
about  6  feet  deep.  This  would  give  a  loss  from  the  surface  of  the 
reservoirs  of  7,200  acre-feet,  or  313,000,000  cubic  feet. 

The  extent  of  percolation  can  be  estimated  with  much  less  certainty; 
but  from  the  character  of  the  sites  of  all  the  storage  basins,  save  that 
of  the  Cache  la  Poudre  Reservoir,  it  can  not  be  great,  since  they  are 
underlain  by  an  impervious  shale  rock  which  also  rises  to  form  their 
rims.  A  tenacious  clay  overlies  this  rock,  and  hence  it  would  appear 
that  percolation  would  be  small  except  through  the  artificial  embank- 
ment, where  it  may  be  large;  but  that  part  of  the  escaping  water 
which  gets  into  the  channel  of  the  outlet  canal  is  inconsiderable.  If 
the  percolation  from  these  reservoir  sites,  estimated  at  2,000  acres, 
was  equal  to  that  through  the  surface  of  the  irrigated  land  of  the 
valley,  it  would  amount  to  2  feet  per  second,  or  to  63,000,000  cubic 
feet  for  the  year.  It  is  quite  likely  that  it  is  as  much  as  this  owing 
to  the  great  pressure  during  that  part  of  the  year  in  which  the  reser- 
voirs are  well  filled,  and  the  average  for  each  reservoir  would  be 
only  two-fifths  foot  per  second.  This  would  make  a  total  waste  of 
376,000,000  cubic  feet,  which  is  288,000,000  cubic  feet  more  than  the 
river's  estimated  surplus.  From  the  above  estimates  it  is  apparent 
that  the  average  winter  flow  that  can  be  utilized  by  the  large  reser- 
voirs is  inadequate  to  their  needs.  Besides  this,  it  is  not  desirable, 
as  a  rule,  to  completely  fill  the  reservoirs  before  the  storms  set  in,  as 
the  spring  winds  drive  heavy  waves  against  the  lower  embankments, 
they  being  situated  in  the  direction  opposed  to  the  prevailing  north- 
west storms. 
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RESERVOIRS. 

Besides  the  reservoirs  mentioned  there  are  a  number  of  small  oneSr 
especially  under  the  Larimer  and  Weld  and  the  Cache  la  Poudre 
canals.     Under  the  former  the  claimed  storage  capacity  is  about 
175,000,000  cubic  feet,  and  under  the  latt^,r  about  110,000,000  cubic 
feet.     These  reservoirs  are  used  by  one  or  more  parties  for  storing: 
the  water  from  the  canals  when  it  is  not  needed,  and  to  catch  as  much 
as  possible. when  water  is  plenty.     They  have  no  indei)endent  means 
of  drawing  directly  from  the  rivers.    A  number  of  reservoirs  are  in 
use,  and  more  are  projected  that  will  obtain  their  supply  from  seepage 
water.     One  very  large  concern,  the  corporate  name  of  which  is  the 
Windsor  Reservoir  and  Canal  Company,  proposes  to  store  510,000,000 
cubic  feet  in  two  reservoirs  filled  entirely  from  a  ditch  cut  through  a 
swamp  made  by  irrigation. 

Nearly  all  the  reservoirs  are  connected  with  the  four  principal  canals 
of  the  north  side  and  are  on  the  upper  end  of  the  canals.  It  happens 
that  there  is  a  series  of  depressions  or  basins  naturally  suited  for  this 
purpose  in  that  part  of  the  valley  where  they  can  be  of  most  use. 
Farther  east  the  land  slopes  gradually  to  the  southeast  or  in  the  gen- 
eral direction  of  the  dry  creeks  outlined  on  the  map  (fig.  2).  In  this 
lower  end  of  the  irrigated  area  the  soil,  though  deep,  is  underlain  by  a 
heavy  body  of  gravel,  which  gives  good  drainage  and  prevents  water- 
logging. Such  a  formation  would  be  very  undesirable  under  a  reser- 
voir, since,  if  not  puddled,  it  would  allow  the  water  to  waste  by  per- 
colation. 

In  the  reservoir  region  the  soil,  which  is  a  stiff  clay,  lies  directly 
on  argillaceous  shale.  About  7  miles  north  of  the  river,  near  the  lower 
end  of  the  valley  and  on  the  ridges  between  the  valleys  of  the  dry 
creeks,  the  Laramie  coal-bearing  formation  is  found,  and  it  extends 
thence  northwest  of  Eaton,  at  which  place  alone  it  is  mined.  The 
depth  to  the  coal  is  about  75  feet  through  clay,  for  the  most  part, the 
coal  having  a  shale  roof.  The  formation  is  dry  here,  but  to  the  west 
is  wet  by  the  extensive  irrigation  practiced  above. 

The  basins  which  have  been  utilized  as  reservoirs  appear  to  have 
been  formed  by  flexures  or  faults  in  the  strata,  and  not  by  ero- 
sion, since  in  cutting  the  outlets  the  rock  is  found  in  the  lower 
edge  of  the  rim  higher  than  it  is  toward  the  center  of  the  basin.  This 
rock  is  practically  impervious  to  water.  When  the  rock  is  wet,  the 
water  takes  a  lateral  course  over  its  upper  layer,  the  clay  next  to  it 
becoming  quite  soft  and  even  disposed  to  slough  off  where  a  cut  is 
made.  This  is  the  weak  place  in  the  structure  of  reservoirs  on  these 
sites,  and  has  caused  alarm  on  the  part  of  people  living  under  them. 

There  are  now  more  reservoirs  in  the  valley  than  can  be  filled  with 
the  available  water.  As  a  consequence  the  owners  are  asking  that 
laws  be  passed  fixing  more  definitely  the  time  of  year  when  water  may 
be  stored  in  preference  to  being  used  for  irrigation.     The  regulations 
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tow  require  that  water  companies  keep  their  canals  running  for  the 
tise  of  consumers  from  April  1  to  November  1,  except  during  the  time 
taken  for  necessary  cleaning  and  repairs.     The  reservoir  law  provides 
that  any  person  shall  have  the  right  to  take  from  natural  streams  of 
the  State  and  store  away  unappropriated  water  not  needed  for  imme- 
diate use,  for  domestic  use,  or  for  irrigating  purposes.     The  general 
theory  is  that  when  growing  crops  need  water  for  irrigation  the  per- 
son having  such  crops  has  a  right  to  it  superior  to  those  wishing  to 
store  it  for  future  use,  even  though  the  works  constructed  for  storage 
purposes  antedate  the  canal  supplying  such  growing  crops. 

The  superior  rights  for  immediate  irrigation  is  supposed  to  exist 

especially  during  the  seven  months  that  canals  are  required  to  be 

^ept  running,  even  though  the  water  is  being  used  only  for  moisten- 

^^^  the  soil  for  the  mechanical  purpose  of  enabling  it  to  be  more  easily 

plowed  or  for  storing  up  moisture  for  next  year's  use.     The  owners  of 

a  canal  that  has  no  reservoir  constructed  on  purpose  to  store  water  for 

Jts  Use  in  times  when  it  is  not  needed  for  irrigation  may  well  claim 

that  the  soil  on  their  farms  answers  such  a  purpose,  and  that  they 

have  as  good  a  right  to  run  water  onto  these  farms  whenever  they  can 

*8  the  owners  of  canals  with  reservoirs  have  to  run  it  into  the  latter. 

These  parties  insist  that  the  only  time  when  they  can  be  prohibited 

™m  using  water  is  the  one  in  which  nature  withholds  it  from  them, 

Jiaiuely,  when  it  freezes  so  hard  that  they  can  not  run  it  onto  the  land. 

■^is  time  differs  so  much  in  different  localities  of  the  State  and  is  also 

^  dependent  on  the  character  and  situation  of  the  works  .of  diversion 

^^at  it  precludes  any  rules  being  laid  down  by  the  legislature. 

If  the  canals  now  having  reservoirs  were  without  them,  they  would 
have  a  prior  claim  for  use  of  the  water  after  the  crops  were  grown 
(provided  they  had  a  prior  right  for  the  irrigation  of  growing  crops), 
and  the  fact  that  they  have  built  reservoirs  to  store  the  water  at  times 
\rhen  it  is  not  needed  for  growing  crops  should  not,  in  the  judgment 
of  the  writer,  impair  their  rights  to  store  the  water  instead  of  using  it 
on  the  soil  which  is  to  play  in  part  the  purpose  of  a  reservoir. 

If  such  were  the  rule,  every  canal's  right  to  water  for  storage  for 
future  use  would  have  the  same  date  as  the  rights  of  the  canals  of 
which  they  are  adjuncts.  The  rule,  however,  is  that  reservoirs  have 
prior  rights  to  water  for  storage  among  themselves  according  to  date 
of  filing  claims  with  the  State  engineer,  provided  the  work  be  prose- 
cuted with  due  diligence,  irrespective  of  the  claims  of  the  canals  to 
which  they  are  adjuncts. 

All  the  reservoirs  in  the  Poudre  Valley  are  adjuncts  of  some  canal 
previously  built,  and  are  constructed  to  furnish  such  canals  at  times 
of  scarcity  in  the  river  during  the  season  that  growing  crops  need  irri- 
gation. This  is  usually  in  the  latter  part  of  the  season  and  for  the 
potato  crop,  which  is  grown  extensively,  especially  in  the  lower  end  of 
the  valley.    The  quantity  of  water  available  for  this  purpose  is,  as 
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above  stated,  now  exceeded  by  the  capacities  of  the  reservoirs,  and 
parties  are  in  court  disputing  one  another's  claims.  It  appears  more 
likely  that  the  courts  will  work  out  some  generally  recognized  rule 
than  that  the  legislature  will  be  able  to  pass  any  law  of  general  appli- 
cation, since  the  different  irrigation  localities  hold  diverse  views  and, 
indeed,  have  diverse  conditions  to  be  satisfied. 

NORTH  POUDRE  LAND,  CANAL,  AND  RESERVOIR  COMPANY. 

The  North  Poudre  or  uppermost  of  the  canals,  though  among  the 
hitest  in  construction — its  appropriation  being  No.  97  in  the  district- 
was  the  first  to  avail  itself  of  reservoirs.  The  necessity  for  storing 
water  which  could  not  be  used  in  the  irrigation  season  early  pressed 
itself  upon  the  attention  of  the  proprietors,  not  only  because  this  canal 
was  among  the  lat^est  to  appropriate  water,  but  because  the  North 
Fork,  from  which  it  takes  its  supply,  does  not  head  back  so  far  in  the 
Snowy  Range  as  do  the  other  branches  of  the  Poudre,  and  hence  its 
water  supply  fails  or  becomes  low  early  in  the  irrigation  season.  With 
perhaps  the  exception  of  the  Larimer  County  Canal,  these  reservoirs 
are  of  more  vital  importance  than  those  of  any  other  canal  in  the 
district. 

The  number  of  reservoirs  recorded  in  the  reports  of  the  State  engi- 
neer up  to  1894  is  four.  The  date  of  the  filing  of  these  is  December, 
1891,  but  it  is  claimed  that  work  was  begun  in  1883,  and  contention 
is  made  that  priority  dates  from  the  commencement  of  work  rather 
than  from  the  date  of  filing  claim,  provided  the  work  has  been  prose- 
cuted with  due  diligence  and  the  water  applied  to  beneficial  use  within 
a  reasonable  time.  This  question  is  still  in  the  courts,  but  reasoning 
from  the  position  taken  in  regard  to  canals,  it  maybe  inferred  that  the 
contention  will  be  sustained.  Without  these  reservoirs  the  canal 
would  be  worthless. 

The  quantity  claimed  for  these  four  reservoirs  is  330,000,000  cubic 
feet,  or  7,260  acre-feet.  The  proprietors  of  the  canal  report,  in  alii 
12  reservoirs,  with  a  united  capacity  of  800,000,000  cubic  feet,  or 
17,600  acre-feet;  but  these  later  claims  come  after  those  of  other 
important  reservoirs,  which  may  exhaust  the  supply  available  for 
storage. 

A  dam  of  considerable  elevation  was  required  at  the  point  of  diver- 
sion from  the  stream  to  raise  the  water  into  the  head  of  the  canal. 
This  structure  was  made  of  timbers  and  loose  rock,  both  obtained 
close  by,  and  has  proved  so  far  safe  and  durable,  in  spite  of  the  fact 
that  the  engineer,  Patrick  O'Meara,  had  but  little  faith  in  so  loose  ft 
structure,  built  in  part  of  perishable  material.  At  its  bead  the  canal 
has  also  about  a  mile  of  fluming,  a  large  portion  of  which  rests  on  the 
rock  prepared  for  it  along  the  edge  of  the  mountain.  This  flume  has 
recently  been  replaced,  and  has  needed  much  repairing.  The  dam 
and  upper  part  of  the  flume  are  shown  in  the  accompanying  view 
(PI.  XV). 
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In  proportion  to  its  capacity,  this  canal  is  the  most  expensive  in 
the  district,  having  some  tunneling  besides  the  flaming.  The  cost  is 
said  to  have  been  $150,000,  which  probably  includes  some  work  on 
the  reservoirs.  This  latter  was  mostly  done  by  the  **  Hartford  Trust 
and  Loan  Company,"  behind  which  stands  the  "  Travellers' Insurance 
Company."  This  company  furnished  most  of  the  funds,  and  soon 
came  in  possession  of  the  work  and  the  land  under  it,  which  is  said 
to  be  16,000  acres.  The  company  has  found  it  a  most  expensive 
investment.  It  is  stated  that  for  the  twelve  years  the  net  expendi- 
ture  over  income  has  been  at  least  $10,000  per  annum,  this  including 
the  work  done  on  the  reservoirs.  The  flumes  rebuilt  under  the  direc- 
tion of  Engineer  J.  C.  Ulrich  are  said  to  be  models  in  this  line  of 
construction.  One  of  these*  is  2,200  feet  long  and  25  feet  wide  at 
the  upper  end,  gradually  tapering  to  15  feet  at  the  place  where  the 
water  acquires  its  maximum  velocity.  The  side  planks  are  bolted, 
instead  of  being  nailed  to  posts,  and  at  the  lower  end  the  flume  is 


Pig.  7. — Vertical  section  of  drop  on  North  Poudre  Canal.    A  B,  line  of  canal. 


given  a  perpendicular  drop  to  guard  against  moving  out,  a  tendency 
in  flumes  ending  on  the  level  with  the  canal  below  them.  This  end- 
ing of  the  flume  is  illustrated  by  fig.  7.  In  the  new  flumes  all  the 
lumber  used  is  well  seasoned  and  tarred,  and  this,  in  the  opinion  of 
the  engineer,  will  much  increase  its  durability. 

The  outlets  of  the  reservoirs  are  deemed  among  the  best  in  the 
State.  They  consist  of  iron  pipes  laid  in  Portland  cement  masonry 
and  closed  at  the  lower  end  by  means  of  waterworks  valves.  In  the 
larger  reservoirs  two  pipes  instead  of  one  are  used,  to  secure  the  easier 
operation  of  the  valves.  The  fact  that  the  means  of  opening  and  dis- 
charging the  reservoir  are  at  the  lower  end  of  the  conduit  pipes,  and 
hence  not  covered  by  the  water  of  the  reservoir,  as  they  are  when 
either  at  the  upper  end  or  in  the  middle,  is  a  great  convenience  and 
guards  against  numerous  difficulties  that  attend  operating  under 
water.  In  the  case  of  the  North  Fork  Canal  reservoir  system  a  small 
discharge  from  each  of  its  reservoirs  into  the  canal  will  compensate 
for  want  of  ample  discharge  in  each  separately. 

>  Annual  Report  of  Am.  Society  of  Irrigation  Engineers,  1893,  p.  188. 
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EXCHANGES  OF  WATER. 

Besides  the  cases  above  mentioned,  other  friendly  exchanges  are 
made  by  the  canals  and  reservoirs  of  different  companies.    During 
the  season  of  1895,  Cache  la  Poudre  Canal  began  to  receive  from  the 
river  widely  fluctuating  amounts,  the  quantity  carried  being  on  one 
day  as  high  as  200  second-feet  and  on  the  next  25  second-feet.    It  i& 
exceedingly  difficult  to  distribute  such  a  supply  fairly  to  the  consum- 
ers.    In  this  emergency,  the  proprietor  of  the  Windsor  reservoir,  ju8t> 
above  the  canal,  allowed  the  water  to  flow  through  the  Larimer  an^ 
Weld  Canal  into  his  reservoir,  and  then  to  be  drawn  off  in  definit^^ 
quantities  for  a  definite  time. 

These  civilities  are  the  more  worthy  of  notice,  since  all  three  of  th( 
parties  have  been  and  still  are  engaged  in  litigation  as  to  their  respective 
rights  to  storage  water.  Three  suits  have  already  gone  through  th( 
district  court  and  are  now  before  the  supreme  court  of  this  State — 
The  claims  of  reservoirs  to  water  for  storage  have  never  been  subjecte3i 
to  a  general  judicial  inquiry,  like  that  given  to  claims  of  canals. 

The  law  provides  that  when  any  party  proposes  to  construct  a  res- — 
ervoir  he  must  send  a  notice,  supported  by  affidavits,  setting  fortl 
the  name  of  the  reservoir,  the  source  of  its  supply,  the  name  of  i1 
feeder,  the  time  of  commencing  work  on  it,  and  its  capacity  in  cubi  c 
feet.     The  data  thus  furnished  is  for  the  guidance  of  the  river  coir^- 
missioner  in  allowing  reservoirs  to  have  water  for  storage,  but  may 
be  attacked  in  court  and  claims  there  made  good.     In  these  inves- 
tigations the  time  of  commencing  work  gives  precedence,  provided 
work  is  prosecuted  with  due  diligence,  but  the  whole  quantity  that 
the  reservoir  can  hold  may  not  be  granted  as  of  date  with  the  com- 
mencement of  the  work,  provided  some  other  party  who  began  later 
has  prosecuted  work  with  superior  diligence  and  has  commenced  to 
use  before  the  first  party  was  in  a  condition  to  store  and  use  the  whole 
of  what  he  had  claimed.     Hence  certain  reservoirs  in  this  district 
have  a  right,  to  fill  to  a  certain  height  and  then  fill  to  their  full 
capacity  after  others  are  filled  or  partly  filled.     A  record  of  the  rights 
of  reservoirs  is  gradually  being  had  similar  to  that  of  canals,  but  these 
rights  are  in  an  inchoate  state  until  the  supreme  court  passes  on  them. 

LEGISLATIVE  AND  JUDICIAL  CONTROL  OF  WATER. 

From  the  preceding  statements  regarding  the  canals  and  reservoir 
systems  of  Cache  la  Poudre  Valley,  the  attempts  made  at  water  stor- 
age, and  the  complications  arising,  it  is  apparent  that  a  considerable 
body  of  laws  and  court  decisions  must  have  been  developed.  It  has 
been  from  this  district,  in  fact,  that  many  of  the  most  perplexing 
water  questions  have  arisen,  and  its  public  men  have  been  foremost 
in  the  presentation  and  discussion  of  bills  designed  to  protect  irrigators 
in  the  enjoyment  of  the  waters  to  which  they  are  by  use  entitled. 
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ORIGIN  OF  THE  COLORADO  SYSTEM. 

The  canals  irrigating  the  lands  of  Union  Colony  were  among  the 
lowest  taken  from  Cache  la  Poudre  Creek.  In  the  years  succeeding 
the  founding  of  the  colony  new  canals  were  built  higher  up  the  valley 
and  old  ones  enlarged.  As  a  consequence,  in  the  latter  part  of  the 
year  1874,  a  time  of  unusual  scarcity,  the  river  was  dry  at  the  head  of 
the  canal  that  supplied  the  town,  and  there  was  great  danger  that 
trees,  small  fruits,  and  lawns  would  be  ruined.  A  meeting  was  called, 
about  40  delegates  representing  the  various  irrigation  interests  being 
present.  A  proposition  was  offered  to  appoint  a  disinterested  person 
to  divide  the  water  according  to  the  necessities  of  the  users,  disregard- 
ing, for  the  present,  priority  of  appropriation — a  doctrine  which  was 
generally  recognized,  but  which  under  the  conditions  then  existing 
^as  found  impracticable. 

The  men  upstream  would  not  listen  to  compromise,  relying  upon  their 

^vantage  of  position,  nor  would  most  of  the  Greeley  people  accept 

^^>  as  they  were  afraid  that  the  concession  would  be  used  as  a  prece- 

^^iit,  and  that  they  would  thereby  lose  an  undoubted  right.     Debate 

^an  high.     Threats  of  appeals  to  arms  were  freely  exchanged.     But 

**  last  the  men  above  agreed  to  let  down  some  water  to  save  the  most 

Valued  trees  and  shrubs  in  the  town.     The  promise  was  not  kept,  and 

Violence  would  have  been  resorted  to  but  for  a  timely  heavy  rain, 

^hich  both  raised  the  river  and  moistened  the  parched  gardens  and 

^a\v-|ig  of  the  town  and  the  fields  in  the  country.     From  that  day  forth 

^*^^  people  of  Union  Colony  set  their  hearts  upon  having  a  law  enacted 

^  equable  them  to  have  the  water  of  the  river  distributed  according 

^   the  vested  rights  of  all  concerned.     Still  for  some  time  no  one 

^^tside  could  be  led  to  take  an  interest  in  legislation  of  this  kind, 

^^d  the  years  1875,  1876,  and  1877  passed  without  anything  being 

^^complished. 

The  constitution  of  the  State,  adopted  in  1876,  recognized  in  express 
^rms  the  right  of  citizens  to  appropriate  the  waters  of  the  State  for 
■^neficial  uses,  domestic,  agricultural,  and  mechanical;  but  there  was 
^Ixen  no  law  to  give  this  provision  efficacy.     Soon,  however,  other  com- 
munities, especially  the  settlers  on  St.  Vrain  and  Boulder  creeks, 
Encountered  like  difficulties,  and  the  farmers  around  Fort  Collins, 
>ivho  had  at  first  opposed  legislation  providing  for  a  distribution  of 
^ater  according  to  the  rights  of  prior  appropriators,  began  to  favor 
it  when  they  saw  large  enterprises  inaugurated  for  the  purpose  of 
taking  the  water  out  of  the  river  much  higher  up  than  the  head  of 
their  canals,  and  thus  threatening  to  deprive  them  of  the  advantage 
of  x)osition  they  had  been  enjoying. 

IRRIGATION  CONVENTION  OF  1878. 

As  a  result  of  the  general  appreciation  of  the  need  of  State  regula- 
tion and  control,  a  convention  of  delegates  representing  the  various 
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irrigation  interests  met  in  Denver  late  in  December^  1878,  for  the  pur- 
pose of  formulating  a  scheme  of  irrigation  legislation.  Only  the 
Platte  Basin,  now  designated  Division  No.  1,  was  represented.  At 
that  time  there  was  scarcely  any  irrigation  carried  on  in  those  drain- 
age basins  that  now  constitute  the  other  five  irrigation  divisions  of  the 
State.  Indeed,  it  was  not  until  1885  that  there  was  any  effort  made  in 
other  parts  of  Colorado  to  have  the  State  control  and  divide  the  water, 
as  provided  in  the  act  of  1879. 

At  the  convention  held  in  Denver  the  sentiment  in  favor  of  and 
against  regulation  by  a  State  law  was  nearly  evenly  divided.  Those 
from  the  districts  where  the  supply  in  time  of  scarcity  was  exhausted 
were  in  favor  of  such  regulation,  while  those  who  still  had  plenty  of 
water  were  opi)osed,  as  they  feared  it  would  impose  on  them  a  need- 
less expense.  Others,  especially  lawyers,  held  that  rights  could  be 
better  secured  through  the  courts. 

It  was  finally  agreed  that  a  committee  of  five  draft  a  bill  for  a  law 
providing:  (1)  for  the  division  of  the  State  into  water  districts  cor- 
responding with  ai'eas  irrigable  from  certain  natural  streams  or  por- 
tions of  streams;  (2)  for  the  appointment  by  the  governor  of  a  water 
commissioner  for  each  district,  whose  duty  it  should  be  to  divide  the 
water  in  his  district  according  to  a  record  of  priority  of  appropriation, 
to  be  ascertained  by  some  sort  of  judicial  proceeding;  (3)  for  regu- 
lations in  regard  to  construction  and  right  of  way  for  reservoirs;  (4) 
for  the  appointment  of  a  State  engineer  and  for  gaging  the  streams 
of  the  State. 

The  committee,  consisting  of  David  Boyd,  of  Greeley,  chairman; 
John  C.  Abbot,  of  Fort  Collins;  Dr.  I.  L.  Bond,  of  Boulder;  Daniel 
Witter  and  J.  S.  Stanger,  of  Denver,  drafted  a  bill,  which  in  its  essen- 
tial features  became  law  by  the  action  of  the  next  legislature.  The 
provisions,  however,  relating  to  a  State  engineer  and  providing  for 
the  gaging  of  the  streams  were  rejected  on  the  ground  that  it  would 
be  too  expensive  to  the  State,  the  agricultural  interests  of  Colorado 
being  then  deemed  insignificant.  It  became  apparent  by  the  time 
the  next  legislature  met  that  little  could  be  accomplished  without  a 
State  engineer  empowered  to  make  measurements  of  water,  and  pro- 
vision was  accordingly  made  therefor. 

DIVISION  INTO  DISTRICTS. 

For  the  benefit  of  those  who  are  studying  the  Colorado  system  or 
endeavoring  to  amend  or  improve  State  or  local  regulations  it  is  proper 
to  present  some  of  the  difficulties  that  beset  this  committee,  of  which 
the  writer  was  chairman,  in  its  attempt  to  draft  a  bill  providing  for 
the  matters  above  named.  One  of  the  most  perplexing  things  to  deter- 
mine was  how  much  land  should  be  embraced  in  an  irrigation  district 
or  area  within  which  priority  of  appropriation  as  conferring  priority 
of  right  to  use  should  be  applied,  and  a  record  made  as  a  basis  of  divi- 
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sion  by  the  agents  appointed  for  that  purpose.  Theoretically,  such  a 
record  should  embrace  what  is  contained  in  one  of  the  six  grand  divi- 
sions into  which  at  a  later  date  the  State  was  divided. 

The  question  was  narrowed  down  to  whether  the  whole  South  Platte 
and  its  tributaries  within  the  State  should  be  embraced  in  one  record 
and  be  under  one  administration,  or  should  be  subdivided  into  a 
number  of  districts,  for  each  of  which  a  record  of  appropriations 
should  be  made  without  reference  to  the  claims  of  the  other  districts 
of  the  division.  It  was  finally  decided  that  a  record  of  the  whole 
South  Platte  basin,  covering  so  large  a  territory  and  embracing  so 
many  claims  to  water,  would  require  for  preparation  an  excessively 
long  period,  and  that  it  would  be  almost  impossible  to  execute  the 
decrees,  even  when  tabulated. 

£ight  of  the  districts  now  shown  in  Division  I  of  the  drainage  map 
were  then  created.  The  first  extended  from  the  State  line  to  the 
mouth  of  Cache  la  Poudre  Creek;  the  second,  from  there  to  the  mouth 
of  Clear  Creek,  near  Denver,  taking  in  only  the  main  channel  of  the 
Platte.  Cache  la  Poudre  basin  was  made  the  third  and  Big  Thompson 
basin  the  fourth.  St.  Vrain  Creek,  except  its  main  tributary,  Boulder 
Creek,  became  No.  5;  North  and  South  Boulder  creeks,  No.  6;  Clear 
Creek,  No.  7,  and  the  Platte  above  Clear  Creek,  No.  8.  This  latter 
was  divided  later  into  three.  Bear  Creek  becoming  No.  9,  and  all  of 
the  Platte  above  the  canyon  in  South  Park  was  numbered  23. 

Recently  district  No.  1,  which  was  about  150  miles  in  length,  was 
divided  into  two  districts,  the  lower  one  being  numbered  64.  South 
of  this,  Nos.  65  and  49  were  created,  both  taking  water  from  the  upper 
forks  of  the  Republican,  which  are  dry  creeks  for  the  greater  part  of 
the  year.  Three  other  districts,  which  take  their  waters  from  the 
upx)er  tributaries  of  the  North  Platte  before  they  cross  into  Wyoming, 
were  numbered  46,  47,  and  48,  and  added  to  the  first  division.  These 
five  districts  outside  of  the  South  Platte  basin  are  relatively  insignifi- 
cant from  an  agricultural  point  of  view. 

In  carrying  out  this  scheme  of  districts,  each  with  a  separate  record 
and  administrative  officers,  the  results  were  favorable  as  regards  Nos. 
3,  4,  5,  6,  7,  and  8,  each  of  which  had  an  independent  permanent  sup- 
ply from  the  mountains;  but  they  were  not  so  in  numbers  1  and  2, 
which  were  wholly  dependent  upon .  streams  passing  through  the  six 
districts  first  named.  The  trouble  was  first  felt  in  district  No.  2,  in 
which  are  situated  the  earliest  ditches  of  the  State,  and  which  is  sup- 
plied almost  wholly  by  the  streams  embraced  in  what  originally  were 
Nos.  7  and  8.  The  vicinity  of  these  latter  to  the  city  of  Denver  led  to 
great  development  in  the  way  of  irrigation  works  about  the  year  1880 
and  thereafter,  and  when  put  in  operation  they  soon  exhausted  the 
supply  which  district  No.  2,  on  the  Platte  below  Denver,  had  formerly 
received. 
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SUPERINTENDENTS. 

The  increasing  difficulties  in  district  No.  2  led  to  the  enactment  in 
1887  of  a  law  providing  for  division    superintendents.     The  more 
important  of  the  duties  of  each  of  these  are  as  follows:  Within  thirty 
days  after  his  appointment  each  superintendent  of  irrigation  shall 
send  notice  to  the  clerk  of  the  district  court  of  counties  in  which  judi- 
cial decrees  have  been  rendered,  fixing  the  priorities  of  appropriation, 
and  shall  request  of  the  clerk  a  certified  copy  of  every  decree  estab- 
lishing such  priorities.     The  superintendent  shall  then  cause  to  be 
prepared  a  book  to  be  entitled  "The  register  of  priorities  of  appropri- 
ation of  water  rights  for  division  No.  — ,  State  of  Colorado,"  within 
which  he  shall  enter  certified  copies  of  decrees,  and  shall  make  ont  a 
list  of  <ill  ditches,  canals,  and  reservoirs  entitled  to  appropriations  of 
water  within  his  division,  arranging  and  numbering  these  in  consecu- 
tive order,  according  to  the  dates  of  their  respective  appropriations 
within  his  division,  and  without  regard  to  the  number  which  they  may 
bear  within  their  respective  water  districts. 

Water  commissioners  of  the  different  districts  are  to  report  from 
time  to  time  to  their  division  superintendent  the  state  of  the  water 
supply  in  their  respective  districts.     From  these  reports  he  is  "to 
ascertain  what  ditches,  canals,  and  reservoirs  are  and  what  are  not 
receiving  their  proper  supply  of  water,  and  if  it  shall  appear  that  in 
any  district  in  that  division  any  ditch,  canal,  or  reservoir  is  receiving 
water  whose  priority  postdates  that  of  the  ditch,  canal,  or  reservoir 
in  another  district,  as  ascertained  from  his  register,  he  shall  at  ono© 
order  such  postdated  ditch,  canal,  or  reservoir  shut  down  and  th© 
water  to  be  given  to  the  elder  ditch,  canal,  or  reservoir,  his  orders 
being  directed  at  all  times  to  the  enforcement  of  priority  of  appropria^- 
tion,  according  to  his  tabulated  statement  of  priorities,  to  the  wholo 
division  and  without  regard  to  the  district  within  which  the  ditcheB^ 
canals,  and  reservoirs  may  be  located."    The  district  commissioner^ 
are  subject  to  the  orders  of  the  superintendent,  who  may  enter  thel^ 
districts  and  enforce  his  own  orders  if  they  are  refused  or  neglecteA* 

These  rules  read  well,  but  they  have  been  found  imx)ossible  of  ei^-' 
cution.  The  water  supply  became  deficient  about  the  1st  of  Jnn^^ 
1890.  Many  of  the  older  canals  .in  district  No.  2  were  empty,  and  a^^ 
attempt  was  made  to  supply  them  by  shutting  down  canals  in  oth^^^ 
districts  that  postdated  them.  An  order  was  given  to  cut  off  th^ 
supply  of  the  Farmers'  High  Line  and  of  four  other  large  canals  talc^^ 
ing  water  from  Clear  Creek.  The  owners  of  these  canals  got  a  ten»-^ 
porary  injunction,  which  was  afterwards  made  permanent,  restraining^? 
the  superintendent  from  shutting  them  off.  The  reasons  given  l>3^ 
the  court  for  granting  the  injunction  were — 

First,  that  the  superintendent  did  not  have  the  necessary  infonn^^ 
tion  from  the  water  commissioner,  in  the  form  prescribed  by  law,  o:«* 
which  to  base  his  order. 
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Second,  that  the  ditches  in  district  23,  embracing  the  South  Park, 
vere  not  ordered  closed  to  a  date  corresponding  to  those  in  the  valley. 

Third,  that  the  law  0^1887,  which  creates  the  office  of  superintend- 
ent and  defines  his  duties,  is  unconstitutional,  in  so  far  as  its  effect  is 
o  determine  rights  of  priority  in  the  waters  of  the  natural  streams 
kgainst  pei*sons  who  have  had  no  day  in  court,  by  making  the  decrees 
endered  in  one  district  binding  and  conclusive  against  claimants  in 
mother  separate  and  distinct  district  who  have  also  received  decrees. 

In  regard  to  the  first  reason,  it  may  be  said  that  the  kind  of  infor- 
nation  required  by  the  law  to  be  obtained  from  the  water  commis- 
lioner  to  guide  the  superintendent  in  regulating  the  supply  among 
he  different  districts  of  the  division  is  difficult  to  procure  from  so 
^de  a  territory,  and  comes  too  late  to  aid  him  execute  his  trust 
^ith  the  promptness  which  the  exigency  of  the  situation  demands.  If 
\  canal  needs  and  is  entitled  to  water  to-day,  it  is  usually  ruinous  to 
wait  for  ten  daj^s  while  the  superintendent  is  getting  the  legal  infor- 
mation, and  hence  the  superintendent  has  to  act,  if  at  all,  on  the  most 
uncertain  and  usually  biased  evidence. 

The  situation  in  district  No.  23  may  be  examined  somewhat  at 
length,  as  it  brings  to  light  some  interesting  icrigation  situations. 

The  water  commissioner  of  district  No.  23,  after  consulting  with 
attorneys,  declined  to  shut  down  any  ditches  whatever.  The  super- 
Dtendent  then  made  a  personal  inspection  of  the  district,  and  endeav- 
■^ed  to  obtain  the  necessary  information  as  to  location  of  ditches,  to 
ti^^ble  him  to  close  them  down  himself;  but  in  addition  to  being 
^xable  to  secure  the  needed  information,  he  found  that  in  the  excited 
>:tidition  of  the  people  it  would  require  the  State  militia  to  enforce 
^  border. 

This  was  the  last  effort  made  to  shut  off  the  ditches  of  the  South 
'^rk  district,  so  far  as  the  writer  has  been  able  to  learn.  The  dis- 
^ct  is  very  large,  containing  about  2,500  square  miles.  The  number 
f  ditches  reported  is  209.  Over  77,000  acres  are  claimed  as  under 
t*rigation,  all  being  native  meadow  land  except  about  300  acres.  The 
LXiantity  of  water  decreed  to  this  land  by  the  court  is  4:^605  second- 
^et — sufficient,  if  the  ditches  could  carry  it,  to  flood  the  area  irri- 
rated  a  foot  deep  every  8. 7  days.  Measurements  made  by  the  State 
ngineer  discovered  the. fact  that  many  of  the  ditches  fell  far  short  of 
heir  decreed  allowance,  some  receiving  only  about  one-tenth  of  that 
amount. 

It  was,  moreover,  claimed  by  the  users  of  water  in  this  district  that 
he  early  and  heavy  use  of  the  water  on  the  lands  adjacent  to  the 
mall  streams  that  traverse  the  Park  was  a  great  advantage  to  the 
upply  of  the  South  Platte  below  its  canyon,  and  measurements  made 
>y  the  State  engineer  seem  to  confirm  this  view.  Nor  is  this  unrea- 
onable.  This  77,000  acres  of  land  is  filled  down  to  the  bed  rock  with 
11  the  water  the  soil  will  hold  by  streams  applied  up  to  July.  The 
rrigation  is  then  stopped  in  order  to  cut  and  cure  the  hay.     The  water 
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rapidly  seeps  out  of  the  pervious  soil,  increasing  the  discharge  of  the 
streams  during  the  succeeding  months.  Assuming  that  the  soil  and 
gravel  to  the  depth  of  6  feet  is  filled  with  water,  this  will  be  equal  to 
a  depth  of  2  feet  of  water,  and  the  77,000  acres  would  have  a  storage 
capacity  of  154,000  acre-feet. 

That  this  early  excessive  irrigation  up  to  about  July  1  has  the  effect 
claimed  is  borne  out  by  the  fact  that  the  measurements  of  the  waters 
of  the  South  Platte  as  they  pass  through  its  canyon  show  it,  on  the  aver- 
age, to  be  much  smaller  than  Cache  la  Poudre  Creek  at  the  season  of 
high  water,  and  considerably  larger  during  the  fall  and  winter  months. 
A  belief  of  this  kind,  together  with  the  injunctions  obtained  in  other 
cases  where  the  superintendent  attempted  to  shut  water  from  canals 
of  one  district  for  the  benefit  of  earlier  ones  in  another,  has  hindered 
the  superintendent  from  interfering  with  this  or  other  districts. 

CONSTRUCTION  AND  OPERATION  OF  CANALS. 

The  object  of  an  irrigation  canal  is  to  divert  wat^r  from  a  natural 
stream  and  take  it  where  it  can  be  spread  over  the  land.  Other 
things  being  equal,  the  shorter  a  canal  is  in  proportion  to  the  service 
it  renders,  the  more  economical  that  service.  Some  canals  run  as  far 
as  20  miles  before  they  can  deliver  any  water,  while  others  begin  to 
deliver  within  a  few  miles  of  their  heads.  The  length  of  a  canal 
depends  mainly  upon  two  things,  first,  whether  there  are  canals  close 
below  that  cover  the  upper  part  of  the  lands  below  the  new  canal; 
and,  second,  the  degree  of  abruptness  with  which  the  land  rises  as  it 
recedes  from  the  stream.  If  the  slope  or  fall  of  the  stream  is  great, 
then  a  canal  that  has  a  small  slope  will  gain  in  the  height  of  its  bed 
over  that  of  the  river  as  many  feet  per  mile  at  the  end  of  a  certain 
number  of  miles  as  the  difference  between  its  slope  and  that  of  the 
river.  This  height  of  its  bed  above  the  bed  of  the  river  will  bear  it 
far  away  or  near  to  the  river  in  proportion  to  the  steepness  of  the 
land  lying  between  the  canal  and  river. 

The  slope  of  the  upper  part  of  Cache  la  Poudre  Creek  after  it  leaves 
the  canyon  is  for  a  number  of  miles  15  feet  per  mile,  which  gradually 
changes  to  10  feet  per  mile  at  its  mouth,  giving  an  average  of  about 
13  feet  per  mile.  Assuming  that  a  canal  like  the  Larimer  and  Weld 
is  started  within  a  few  miles  of  the  canyon  on  a  slope  of  2  feet  to  the 
mile  and  follows  the  contour  of  the  country  to  the  north  of  the  river 
for  65  miles,  and  that  the  meanderings  of  the  canal  and  of  the  river 
are  about  the  same,  it  is  evident  that  at  the  lower  end  of  the  canal  it 
should  be  715  feet  above  the  river  at  a  point  on  the  latter  opposite  to 
this  terminus.  However,  where  this  opposite  point  in  the  river  is  to 
be  taken  is  really  determinable  only  by  measuring  down  the  river  a 
distance  of  65  miles,  following  all  its  meanderings. 

The  height  of  the  Larimer  and  Weld  Canal  where  it  crosses  the 
Denver  Pacific  Railroad,  about  9  miles  above  the  river,  is  250  feet 
above  the  river  crossing.     The  Ijength  of  the  canal  to  this  point  is 
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about  50  miles,  and  accordingly,  estimating  a  gain  of  11  feet  to  the 

mile,  it  should  be  550  feet  above  the  river.     The  railroad  distance  in 

the  river  valley  from  Greeley  to  the  head  of  the  Larimer  and  Weld 

is  26  miles,  which,  multiplied  by  the  gi*ade  of  the  road,  assumed  as 

13  feet,  gives  338,  and  this  reduced  by  the  fall  of  the  canal  for  50 

miles,  namely,   100  feet,  gives  a  height  theoretically  of  238  feet. 

Hence  it  is  to  be  assumed  that  the  fall  given  to  the  river  is  that 

of  a  comparatively  straight  line  running  up  its  valley,  and  not  the 

real  slope  of  its  bed,  which  must  be  about  only  half  as  much,  since 

the  bed  of  the  river  is  more  crooked  than  that  of  the  canal.     In  Lone 

'^ee  Valley,  which  terminates  at  the  mouth  of  Cache  la  Poudre  Creek, 

and  which  has  a  nearly  uniform  slope  of  25  feet  to  the  mile,  the  dis- 

^nce  of  the  Larimer  and  Weld  Canal  from  the  mouth  of  the  creek  is 

^-  miles.     This  would  give  a  height  of  300  feet,  which  corresponds 

closely  with  the  other  estimates,  this  point  in  the  canal  being  about 

^^  miles  from  its  upper  end. 

These  relative  slopes  must  be  taken  into  account  when  any  irriga- 
tion enterprise  is  contemplated  in  connection  with  considerations  as 
to  the  fall  which  can  be  allowed  a  canal  of  a  given  carrying  capacity 
without  wearing  its  bed.  Other  related  questions  come,  as  to  the 
alignment  of  the  canal,  the  straightening  by  cutting  and  filling,  and 
Increasing  the  velocity;  also  how  far  shall  the  earth  removed  in 
excavation  be  placed  back  from  the  edge  of  the  cut  in  forming  the 
^ttibankments,  whether  there  shall  be  two  embankments  or  only  one 
(on  the  lower  side)  where  there  is  a  fill,  and  where,  if  there  is  only 
One,  the  water  will  run  far  back  on  the  opj>o8ite  side. 

The  exi)erience  gained  from  the  results  of  the  construction  of  two 
canals  in  our  valley  by  the  same  engineer  is  deemed  of  practical 
value  on  these  points.  Union  Colony  Canal  No.  2  was  given  a  grade 
of  3.2  feet  to  the  mile,  a  depth  of  only  2  feet,  and  a  width  on  the  bot- 
bom  of  12  feet  at  the  head.  The  course  was  very  crooked,  keeping 
for  the  most  part  in  the  ground,  neither  cutting  nor  filling  much;  the 
3arth  was  piled  close  to  the  edge  of  the  lower  bank,  and  no  embank- 
nent  was  made  on  the  upper  side,  however  far  back  the  water  might 
low.  This  was  economical  in  construction,  but  wasteful  in  the  long 
im.  The  slope  was  none  too  much  for  the  canal  at  the  size  it  was 
irst  built,  but  it  was  finally  enlarged  to  some  five  times  its  original 
japacity.  The  sharp  bends  were  of  necessity  taken  out,  thus  short- 
ening the  course  and  increasing  the  slope.  The  upper  side  had  to  be 
embanked  where  the  water  flowed  far  back,  in  order  to  prevent  the 
action  of  waves  on  the  lower  bank  and  waste  by  evaporation;  also  to 
illow  of  the  canal  being  filled  and  emptied  rapidly. 

The  result  of  these  changes  was  a  great  increase  in  velocity  and 
•esulting  wear  of  the  bed,  which  has  now  to  be  checked  wherever 
^ater  is  taken  from  it.  Portions  of  the  bed  not  influenced  by  these 
checks  are  being  worn  away,  and  hence  are  in  a  condition  to  permit 
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great  loss  by  percolation.  The  lower  bank  has  been  allowed  to  remain 
where  it  was,  but  should  have  been  set  well  back,  because  wherever 
there  is  much  wear  on  the  lower  bank  there  is  great  danger  of  break. 
The  expense  of  moving  the  earth  back  some  6  feet  is  insignificant 
compared  to  the  advantage  of  having  it  there. 

The  experience  gained  in  the  construction  of  Cache  la  Poudre  Canal 
was  of  value  in  laying  out  the  Larimer  and  Weld  Canal  some  eight 
years  afterwards.  In  general  the  slope  planned  was  only  2  feet  to  the 
mile  except  for  a  mile  and  a  half  near  the  head,  where  the  bed  of  the 
canal  was  over  large  bowlders  similar  to  those  in  the  bed  of  the  river 
at  the  same  place  and  where  the  fall  was  15  feet  to  the  mile.  This 
part  was  given  13  feet  fall  to  the  mile,  and  has  stood  the  wear  without 
being  materially  moved.  The  lower  bank  w^as  set  back  some  6  feet 
and  usually  made  broad  enough  to  allow  the  driving  of  a  wagon  along 
its  top.  Cuts  and  fills  were  made  to  some  extent  to  preserve  the 
alignment  from  abrupt  angles,  care  being  taken,  however,  not  to  cut 
too  deep  when  this  would  prevent  the  water  from  being  taken  onto 
the  land  near  the  canal.  Small  expansions  of  the  canal  on  the  upper 
side  were  prevented  by  an  upper  embankment,  except  at  Lake  Lee, 
described  on  page  30.  This  serves  a  useful  purpose  for  storing  small 
quantities  received  from  the  river  in  time  of  scarcity  to  be  delivered 
to  alternate  sections  of  the  canal  in  amounts  that  can  be  economic- 
ally applied.  Another  expansion  of  this  kind  near  the  lower  end  was 
found  to  be  wasteful  in  times  of  low  water,  and  a  canal  has  been  cut 
around  its  lower  margin  to  keep  the  water  out  of  it  except  when  there 
is  a  surplus.  On  the  whole,  this  canal  has  too  much  slope  for  its 
present  size,  and  usually  must  be  checked  where  water  is  taken  into 
laterals. 

CONTROL   BY    TELEPHONE. 

This  district  is  probably  unique  in  the  possession  of  a  special  tele- 
phone line  for  water  control. .  This  line  was  erected  in  1889,  being  in 
part  paid  for  by  the  two  counties  of  Larimer  and  Weld,  and  in  part 
by  the  large  canals.  It  cost  I>1,50()  and  is  an  annual  expense  of  about 
<^60.  The  river  commissioner  regards  it  as  worth  each  year  its  entire 
cost  to  the  several  users  of  water. 

Its  upper  terminus  is  at  the  head  of  the  Larimer  County  Canal; 
thence  it  connects  with  La  Porte,  where  the  river  conimissioner  lives, 
some  4  miles  above  Fort  Collins.  It  has  two  connections  with  offices 
of  canal  companies  in  the  latter  place,  one  each  at  the  head  of  the 
Larimer  and  Weld  and  Cache  La  Poudre  canals,  two  in  Greeley,  and 
one  in  Lucerne. 

At  three  different  places,  at  three  set  times,  the  river  commissioner 
can  be  communicated  with  by  those  having  the  irrigation  affairs  of 
the  district  in  charge.  At  the  head  of  each  of  the  three  principal 
canals  a  man  stays  day  and  night,  and  the  bell  of  the  telephone  is 
close  to  his  ear  when  he  is  in  bed.     If  there  should  be  a  sudden  rise 
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of  water  in  the  river  and  the  commissioner  is  notified  of  it,  he  can 
immediately  communicate  with  these  three  men  at  the  head  of  these 
canals  and  have  them  raise  their  gates  to  save  it.  K  a  break  occurs 
in  a  cahal,  the  party  who  discovers  it  can  communicate  with  the  man 
at  the  head  by  going  to  the  nearest  telephone  station  and  have  the 
water  shut  out  in  the  shortest  possible  time,  decreasing  the  damage. 
The  river  commissioner  must  \isit  the  gaging  station  daily  to  see 
how  much  water  is  in  the  river,  this  being  his  guide  for  supplying  the 
different  claimants  according  to  their  priorities.  Tlie  station  has  a 
self-registering  apparatus  which  gives  the  different  heights  to  which 
the  water  rises  during  the  twentj^-four  hours,  and  from  tlie  height  in 
the  channel  the  number  of  feet  per  second  is  found  from  a  table  ex- 
perimentally prepared  by  the  State  engineer.  The  section  where  the 
measurement  is  made  has  masonrj^  sides  and  a  natural  rock  bottom, 
which  give  a  definitely  fixed  cross  section.  Means  of  gaging  everj^ 
canal  diverting  water  from  the  river  are  required  to  bo  put  in  by  the 
owners,  and  these  gagings  are  rated  bj"  the  State  enjrineer  for  the 
benefit  of  the  river  (^ouimissioner.  Some  of  the  smaller  canals  neglect 
to  do  this,  and  their  water  suxii)ly  is  estimated  by  the  commissioner. 

LATERALS. 

The  water  is  taken  out  of  tlie  canals  by  means  of  lateral  ditches 
placed  at  short  intervals.  Usually  they  follow  the  crest  of  the  ridges, 
and  deliver  water  on  l>oth  sides  by  me.ans  of  sublaterals.  Some  of 
these  laterals  are  veiy  large,  as,  for  exami)le,  those  fmni  the  Larimer 
and  Weld  Canal.  These  carry  as  much  as  100  second-feet,  and  in 
some  instances  have  two  ditch  riders  to  distribute  the  water  to  the 
consumers.  The  laterals  run  as  far  as  possible  on  the  crests  of  the 
ridges  that  divide  the  valleys  from  one  another,  and  the  conditions  in 
regard  to  their  location  are  sucli  that  they  can  not  be  given  any  slope 
desired  but  must  conform  to  the  fall  of  the  ridge  followed.  The 
average  slope  of  the  land  between  the  canals  and  the  river  is  about 
25  feet  to  the  mile.  Hence,  in  general,  the  lateral  has  a  fall  as  great 
as  that.  This  will  not  cut  very  badly  under  a  flow  of  a  few  feet  of 
water,  but  with  100  second-feet,  as  with  two  laterals  of  the  Larimer 
and  Weld  Canal,  there  is  nothing  to  do  but  to  put  in  drops  here  and 
there  after  the  cutting  has  gone  on  for  some  time.  These  are  built 
of  2-inch  plank  nailed  to  suitable  timbers.  It  is  deemed  best  te  have 
a  lower  horizontal  section  of  planked  bottem  and  te  give  the  water  a 
forward  instead  of  a  sloping  downward  direction  when  it  resumes  its 
course  in  the  channel  of  the  canal. 

MEASURING  AND    DIVIDING   WATER. 

From  the  main  lateral,  if  it  be  a  large  one,  the  users  divert  water 
one  or  many  at  a  time.  It  is  measured  to  them,  or  a  proportionate 
part  of  it  set  off  for  them,  wherever  it  is  deemed  best.     The  quantity 
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taken  in  by  the  lateral  is  estimated  by  the  main  canal  ditch  rider. 
Usually  the  measurement  is  made  over  a  weir  some  distance  helow 
the  head,  and  is  oomputed  from  a  table  furnished  by  the  State  engineer, 
applying  accurately,  however,  only  to  weirs  pnt  in  according  to  the 
Francis  plan.  Large  discrepancies  are  found  in  some  of  these  weirs  by 
accurate  measurement.  Usually  more  water  is  given  than  intended, 
as  conditions  for  controlling  velocity  of  approach  are  rarely  present, 

The  Larimer  and  Weld  Canal  uses  weir  measurements.  By  its  eon- 
tracts  it  is  bound  to  furnish  1.44  cubic  feet  per  second  for  eachSO-acre 
water  right  if  this  amount  can  be  had  from  the  river.  In  the  other 
canals  measurement  is  not  necessarv,  since  the  consumers  are  at  the 
same  time  owners  of  the  canals  and  each  has  a  proportionate  right  to 
all  the  canal  can  or  does  carr}%  Hence  equitable  division  is  all  that 
is  required.  The  usual  course  to  effect  this  is  to  give  for  each  water 
right  so  many  sectional  inches.     This  is  fair,  provided  the  sections 
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Fio.  8.— Plan  of  device  for  dividinf?  water. 


are  of  the  same  deptli  and  the  velocity  of  approach  to  the  place  where 
the  section  is  measured  is  the  same.  The  first  condition  can  usually 
be  secured,  but  often  is  not,  and  there  is  no  uniformity  in  conditions 
to  secure  equal  velocity  of  approach. 

In  the  Cache  la  Poudre  Canal  devices  called  Max  Clark  boxes  were 
put  in  both  to  measure  and  make  a  fair  division.  It  was  a  modifica- 
tion of  the  Italian  Soldati  modulus,  and  at  least  did  something  toward 
making  the  velocity  of  approach  to  the  measuring  apertures  uniform. 
It  is  not  practicable  to  place  a  dividing  device  cutting  off  a  propor- 
tionate portion  of  the  whole  in  a  large  canal  at  each  phice  where  water 
is  diverted,  nor  is  this  found  practicable  at  the  upper  end  of  large 
laterals,  but  in  the  lower  ends  of  these,  and  in  laterals  in  general  car- 
rying not  more  than  25  second-feet,  it  can  be  done  quite  satisfactorily. 
A  very  simple  and  common  form  of  divisor'  is  shown  in  fig.  8. 

The  partition  at  A  is  movable  and  ma}^  be  placed  at  different  dis- 
tances from  the  side.    When  there  is  no  desire  to  change  the  relative 


*  Measurement  and  division  of  water,  L.  G.  Carpenter,  Bulletin  No.  27,  Colorado  Experi- 
ment Station,  August,  1894,  p.  9. 
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entities  taken  through  the  two  openings,  the  partition  is  fixed. 
lis  is  usually  the  case,  as  it  prevents  changes  being  readily  made  by 
ilionest  parties.  When  this  partition  is  fixed,  alterations  can  be 
3ide  to  suit  parties  by  putting  in  a  perpendicular  strip  of  board  in 
LO  side  or  the  other.  The  view  in  PI.  XVII  shows  a  device  in  lat- 
als  of  Greeley  Canal  No.  2  by  which  the  stream  is  divided  into  four 
irts. 

COST   OF  IRRIGATION. 

It  has  been  impossible  to  obtain  reliable  figures  concerning  the  cost 
f  all  of  the  canals  and  ditches  taking  water  from  Cache  la  Poudre 
5reek,  but,  as  stated  on  previous  pages,  the  expenditures  in  the  con- 
truction  of  the  two  larger  canals  are  shown  approximately.  The 
rst  of  these,  the  Cache  la  Poudre,  as  stated  on  page  32,  cost  $112,000, 
nd  its  reservoir  *110,000;  in  all,  $222,000.  The  cost  of  the  Larimer  and 
Teld  has  been  placed  at  $150,000  for  the  canal,  and  for  the  two  main 
jservoirs,  $165,000,  this  including  the  estimated  cost  of  completing 
le  Windsor  Reservoir.*  The  total  cost  of  this  canal  and  its  reservoirs 
I  thus  $315,000,  and  for  the  two  canal  systems,  $537,000. 

The  total  area  of  land  in  crops  under  these  two  canals,  not  includ- 
ig  that  designated  as  waste  and  pasture  land,  is  66,349  acres.  This 
umber  of  acres  divided  into  the  cost  as  just  given  gives  an  average 
I  less  than  $0  per  acre  for  the  water.  The  price  originally  paid  the 
lilroad  company  for  the  land  was  $3  per  acre,  making  a  total  first 
3st  of  land  and  water  of  $12  per  acre.  Until  about  1895  this  land, 
ith  water  rights,  has  been  considered  as  worth  on  an  average  $40 
er  acre  without  buildings.  As  a  rule,  the  lands  have  actually  been 
eld  at  a  higher  figure  than  this. 

Omitting  the  other  two  large  canals  on  the  north  side  of  the  river, 
iz,  the  Larimer  County  and  North  Poudre  canals,  a  comparison  of 
lie  cost  and  value  of  the  remaining  irrigating  ditches  would  compare 
ivorably  with  these  figures,  except  in  the  ease  where  the  lands  under 
3me  of  the  ditches  have  been  injured  by  excessive  seepage  and  by 
iie  rise  of  alkali.     If,  however,  these  two  large  canals  are  considered, 

different  estimate  must  be  made.  Both  of  these  were  built  after 
be  supply  in  the  river  was  practically  exhausted  and  when  extraor- 
inary  expenditures  had  to  be  made  to  secure  a  supply. 

The  Larimer  County  canals  on  the  plains  cost  about  $90,000,  the 
art  in  the  mountains  approximately  the  same,  $90,000,  and  the  two 
lain  reservoirs  $24,000.  Estimating  the  cost  of  the  other  reservoir 
t  $10,000,  the  total  is  $214,000.  With  this  expenditure,  only  16,713 
ores  were  reported  in  crops,  making  a  cost  per  acre  for  water  of 
bout  $13,  or  40  per  cent  more  than  in  the  cases  above  cited.  Besides 
his  larger  cost,  the  land  under  the  canal,  on  account  of  uncertainty 
f  supply,  has  a  relatively  small  value,  dependent  largely  upon  the 
uccess  of  the  Sky  Line  Canal.     If  this  and  the  reservoir  system 
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result  according  to  the  anticipation  of  their  projectors,  the  lands  will 
be  as  valuable  as  those  under  other  canals.  The  unfortunate  con- 
dition of  the  North  Poudre  Canal  has  been  mentioned  on  a  pre- 
ceding page,  its  financial  success  being  dependent  largely  upon  the 
I)OS8ibility  of  diverting  some  of  the  headwaters  of  Grand  River  into 
Cache  la  Poudre  Valley,  in  a  manner  similar  to  that  of  the  Sky  Line 
Ditch. 

As  to  the  cost  of  maintenance,  it  may  be  stated  that  the  three  prin- 
cipal canals  of  the  valley  employed  each  three  riders,  and  there  is  also 
one  man  at  the  head  and  a  general  superintendent.  The  cost  for 
supervision  for  the  years  1893  and  1894,  as  reported  by  the  river  com- 
missioner for  this  district,  was  117,502,  and  the  cost  of  repairs  for  all 
canals  having  superintendents  was  $52,472.  It  is  assumed  that  the«e 
figures  relate  only  to  the  expenses  of  the  canals  and  not  to  the  laterals. 
Taking  the  length  of  the  former  at  333  miles  and  the  area  in  crop  as 
125,000  acres,  the  cost  for  superintendence  and  repairs  per  annum 
would  be  28  cents  per  acre. 

AGRICULTURAL  PRACTICE. 

Whenever  sufficient  water  is  obtained  and  applied  at  the  right  times, 
the  proiiucts  of  the  lands  within  this  valley  are  remarkable.  Fertility 
is,  however,  maintained  largely  by  a  judicious  rotation  of  crops.  The 
best  practice  is  that  in  which  about  one-third  the  area  is  kept  in 
alfalfa,  to  be  plowed  under  after  two  years'  use  as  a  meadow.  Both 
the  upper  and  lower  ends  of  the  valley  are  excellent  for  small  grains 
and  alfalfa,  but  the  lower  part  is  best  for  potatoes,  and  the  upper  for 
apple  orchards,  of  which  a  great  acreage  has  been  planted  within  a 
few  years.  The  more  clayey  soil  of  the  upper  end  of  the  valley  ren- 
ders it  more  retentive  of  moisture  during  the  winter  and  early  spring, 
and  hence  the  trees  do  not  suffer  so  much  from  dry  winds  and  occa- 
sional hot  suns  as  they  do  on  more  porous  soils.  Blight  has  been 
severe  on  all  the  fruit  trees  of  the  valley  save  plums,  which  do  well 
everywhere  in  the  State. 

The  farms  of  the  Greeley  colony  under  Canal  No.  2,  now  known  as 
Cache  la  Poudre  Canal,  are  rarely  smaller  than  80  acres  or  larger  than 
100.     The  latter  is  regarded  as  the  better  size  for  profitable  farming 
if  the  owner  does  not  get  too  heavily  into  debt.     The  interest  at  8  per 
cent  and  the  yearly  payment  of  installments  on  a  large  farm  are  a 
heavy  load  even  for  this  fertile  vallej^  and  are  a  fixed  sum,  while  the 
profits  are  uncertain.     The  operating  of  the  larger  farms  is  more  prof- 
itable from  tlie  fact  that  as  much  farm  machinery  is  needed  for  the 
80  acres  as  for  the  larger  tract.     If  the  farmer  is  raising  grain,  alfalfa, 
and  potatoes,  he  needs  three  distinct  lines  of  machinery.     A  good 
equipment  of  these  and  all  kinds  of  implements  needed  to  turn  and 
stir  the  soil  and  move  the  crops  will  cost  not  less  than  $800.     There 
is  a  much  smaller  proportionate  investment  for  the  larger  than  for  the 
smaller  farms. 
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The  size  of  the  farm  which  may  be  made  the  more  profitable 
spends  upon  the  man.  If  the  owner  is  a  good  worker  himself,  but 
iskilled  in  handling  men  and  in  management,  then  the  smaller  farm 
111  be  best.  Many  men  on  an  80-acre  farm  have  done  well,  made  a 
K)d  living,  put  up  good  farm  buildings,  and  have  money  out  on  inter- 
it.  Others  have  done  equally  well  with  160-acre  farms,  one-half  of 
hieli  they  went  in  debt  for,  while  others  undertaking  this  have  lost 
1. 

APPLYING  WATER. 

The  farmer  having  his  share  of  the  water  in  his  own  little  ditch 
rries  it  to  the  highest  point  on  his  farm  and  leads  it  either  along 
e  side,  end,  or  obliquely  across  in  straight  or  curved  lines,  so  as  to 
^ep  it  where  it  can  fill  the  smaller  ditches.  By  these  the  water  is 
rried,  if  possible,  to  every  square  yard  of  the  farm.  Often  much 
king  must  be  done  on  the  farm,  and  before  the  lateral  reaches  it,  so 
to  get  the  main  distributing  ditch  where  it  will  cover  the  most 
nd.  These  dikes  are  expensive  to  make  and  equally  so  to  keep  up, 
id  are  a  source  of  perpetual  annoyance  and  often  of  waste.  A  farm 
to  be  preferred  whose  feeding  lateral  runs  along  one  side  and  does 
t  meander  here  and  there.  A  farm  with  a  sag  anywhere  in  it, 
pecially  in  the  middle,  is  to  be  avoided. 

The  ideal  surface  for  irrigation  is  one  raised  a  little  at  one  end  or 
one  side.  It  should  have  a  fall  of  from  15  to  25  feet  to  the  mile. 
Uniform  as  possible,  and  in  one  direction.  For  an  80-acre  tract 
'  following  conditions,  if  they  could  be  realized,  would  be  best: 
B  upper  shorter  side  should  have  a  fall  of  about  5  feet  to  the  mile 
"the  feeding-head  lateral,  and  the  long  direction  a  fall  of  15  feet  to 
:Kiiile,  with  the  lower  short  end  having  the  same  fall  as  the  upper, 
v-jll  be  seen  that  the  upper  ditch,  which  is  a  quarter  of  a  mile  long, 
I  have  but  a  fall  of  1^  feet,  and  a  dam  put  into  it  at  intervals  of  10 
^^  will  make  a  difference  of  level  of  such  a  section  of  only  2  inches, 
ftfty  rows  of  potatoes  head  into  such  a  ditch  and  there  is  a  suf- 
^nt  volume  of  water  in  it  to  furnish  a  little  stream  for  every  row, 
^^n  easily  be  diverted  into  all  at  a  time,  since  the  diminished  head 
U  m^ke  up  for  the  fall  of  level  of  the  lower  end  of  the  bottom  of 
^  ditch,  while,  if  the  fall  in  this  feeder  was  great,  only  a  few  of  the 
Vrs  close  to  the  dam  could  be  fed,  and  those  unequally,  without  con- 
ant  care  and  changing.  This  is  the  ideal  surface  slope  for  a  potato 
eld.  Such  tracts  may  be  found  north  of  Greeley  and  extending  up 
» Eaton. 

Such  a  surface  is  also  desirable  for  grain  or  alfalfa,  and  to  irrigate 
lese  crops  by  flooding,  as  is  customary,  the  farmer  has  only  to  run 
trough  the  grainfield  or  meadow  a  large  double-moldboard  plow, 
•awn  by  from  four  to  six  heavy  horses,  and  penetrating  to  a  depth  of 
\  inches,  throwing  a  bank  to  each  side  and  leaving  a  clean  ditch 
)hind  it.     These  ditches  are  usually  put  a  hundred  feet  apart,  and 
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plowed  in  before  harvesting,  but  in  an  alfalfa  field  they  are  left  per- 
manently.    At  suitable  intervals  a  canvas  dam  is  put  into  the  ditch, 
the  pole  to  which  the  edge  of  the  canvas  is  nailed  supported  on  botli 
banks.     The  cloth  lies  in  the  bottom  and  on  the  edges  of  the  ditcli 
and  is  kept  down  by  a  little  dirt  put  on  the  edge.     The  bank  is  cat 
on  one  or  both  sides  as  desired,  just  above  the  dam. 

The  use  of  the  canvas  dam  is  illustrated  in  Pis.  XVIII  and  XIK. 
The  former  view  shows  a  man  with  a  canvas  dam  in  his  hand  ready 
to  put  it  in  the  lateral  flowing  through  a  field  of  young  alfalfa.  Thift 
view  was  taken  on  September  20,  1896,  of  a  field  under  the  Larimer 
and  Weld  Canal,  near  the  town  of  Lucerne.  On  the  left  and  in  tb.e 
distance  are  shown  stacks  of  wheat  recently  cropp>ed  from  the  fielcl. 
PI.  XIX  shows  the  canvas  dam  in  place  turning  out  water  for  the  ii 
gation  of  a  wheat  field  near  Greeley.  The  stream,  checked  in  itsflo^ 
is  forced  to  find  its  way  into  the  young  grain. 

Little  has  been  done  in  Cache  la  Poudre  Valley  in  the  way  of  level- 
ing the  land  preparatory  to  irrigation.  This  is  necessary  only  wLtili 
rolling  land,  and  especially  where  there  is  but  little  fall  to  it.  Eron 
when  the  surface  is  quite  uneven,  if  there  is  considerable  fall,  « 
farmer  can  generally  lead  the  water  over  the  higher  spots,  while  when 
it  is  nearly  level  it  can  be  got  onto  these  spots  only  by  diking  tb^ 
ditches  that  run  through  the  field.  These  dikes  within  a  field  are  » 
nuisance,  and  in  most  cases  it  is  better  to  level  down  the  hnmiw- 
For  this  sort  of  work  various  kinds  of  scrapers  are  used. 

If  a  field  is  level  to  start  with,  it  is  important  to  keep  it  so  and 
not  create  artificial  irregularities  by  cultivation.     This  is  done  if 
the  plowing  is  in  narrow  "lands,"  the  **back"  and  **dead"  farrows 
proving  a  great  annoyance  when  flooding.     To  avoid  these  the  farm 
should  be  divided  into  a  suitable  number  of  rectangular  fields  and 
each  of  these  plowed  out  one  year  and  in  the  next.     The  small  rise  or 
hollow  where  the  corners  occur  will  prove  a  slight  annoyance,  but 
the  work  of  alternate  years  keeps  the  change  of  level  within  narrow 
limits.     To  not  only  keep  the  surface  of  his  farm  in  good  shape  but  to 
improve  it  is  the  care  of  every  intelligent  farmer  managing  an  irrigated 
farm.     The  action  of  both  plow  and  cultivator,  if  carefully  directed, 
is  to  improve  the  level  of  the  surface,  and  the  irrigation  of  rowed  crops 
contributes  to  the  same  effect.     The  loose  mat^erial  in  the  steeper 
parts  of  the  rows  is  carried  into  slight  depressions  and  left  there, 
and  in  a  few  years  these  disappear.     The  perfect  potato  field  is  with- 
out such  depressions,  but  a  surface  entirely  free  from  them  is  rarely 
found.     They  are  less  objectionable  in  a  cornfield,  as  a  little  flooding 
does  it  less  harm  than  potatoes,  and  hence  it  is  advisable  to  raise  a 
few  crops  of  corn  at  first  in  such  fields,  even  if  the  ci-op  is  not  profit- 
able. ^ 

To  raise  a  good  crop  of  potatoes  on  a  steep  field  requires  great  pains  * 
and  ingenuity.     If  the  surface  is  not  wavy  as  well  as  steep,  the  rows 


*- 

1 


BOTD]  AGRICULTURAL   PRACTICE.  75 

can  be  run  diagonally  across  the  slope,,  so  as  not  to  give  them  too 
much  fall,  which  will  make  the  bottoms  wash  away  and  lower  the 
water  surface,  so  that  the  rows  are  not  moistened  underneath.     Some 
farmers  run  the  rows  directly  down  a  steep  slope,  and  in  irrigating  let 
a  tiny  stream  trickle  down  between  the  rows  for  a  day  or  two,  and 
thus  succeed  in  having  the  moisture  penetrate  the  rows.     To  g^t  the 
water  to  enter  so  many  rows  at  once  requires  a  very  level  head-feed- 
ing ditch,  or  the  greatest  pains  and  ingenuity  in  the  way  of  checks  to 
effect  that  end. 

In  general  it  may  be  said  that  steep,  rolling,  irregular  land  is  much 
less  desirable  in  a  country  that  is  irrigated  than  in  one  where  it  rains, 
and  such  a  farm  should  be  avoided,  however  rich  the  soil  may  natu- 
rally be.  Still,  if  the  soil  is  a  pretty  stiff  clay,  it  may  be  irrigated 
w^ithout  tearing  it  to  pieces,  even  if  rather  steep;  but  in  this  case  it  is 
next  to  impossible  to  spread  the  water  so  evenly  and  thinly  that  the 
soil  can  absorb  all  that  is  applied,  and  hence  usually  a  large  .portion  of 
that  used  runs  off  into  hollows  and  draws  and  is  lost  to  the  owner. 

ALFALFA. 

-AJfalfa  can  be  raised  at  a  profit  for  $3  per  ton  in  the  stack  in  the 
fi^ld.  The  average  weight  of  the  crop  is  variously  computed  by  those 
^ho  make  careful  estimates  at  from  3  to  4  tons  per  acre  for  the  three 
crops,  and  it  costs  from  $1  to  $1.25  i>er  ton  \>a  put  up  the  hay  at  the 
PJ*^sent  reduced  price  of  hands  and  haying  implements.  At  these 
^S^Tires  an  income  of  15  per  acre  can  be  safely  estimated  from  land 
P^t.  down  to  alfalfa.  Seed  costing  $1.50  will  sow  an  acre.  It  is  now 
^^xially  seeded  with  the  spring-sown  grain,  and  if  one  does  not  want 
^  plow  it  under  for  fertilizing  purposes,  a  stand  will  last  twelve 
^'^5ir8  or  more. 

These  figures  differ  widely  from  those  given  in  Arizona  and  the 
*^^cos  Valley,  New  Mexico,  where  crops  of  8  tons  per  annum  and 
I^^ices  of  $10  per  ton  are  claimed.     From  personal  observation  the 
alfalfa  fields  near  Phcenix,  Arizona,  do  not  show  such  luxuriance  as 
^^ose  of  Cache  la  Poudre  Valley.     In  considering  the  price  of  alfalfa 
*^av  the  true  test  is  what  it  is  worth  to  feed  on  the  farm,  and  not.  its 
^^mi)orai'y  local  price  when  a  country  is  being  opened  up.     Such  is 
t'he  productiveness  of  this  plant  that  if  any  considerable  area  is 
brought  into  cultivation  the  local  market  is  soon  glutted.     Thus  the 
Onlj'^  safe  basis'of  price  is  its  feeding  value  and  the  probable  perma- 
nent selling  price  of  the  meat  produced  from  feeding  it. 

By  adhering  principally  to  alfalfa  raising  and  stock  feeding,  it  will 
\)e  seen,  a  fair  rental  can  be  expected  from  land,  and  i-iO  per  acre 
A^ould  be  a  conservative  price  for  such  land.  Large  tracts  of  land  can 
be  handled  econotnically  by  one  management  if  alfalfa  alone  is  made 
the  crop,  and  hence  men  who  possess  farms  of  considerable  size  are 
drifting  into  this  crop  and  find  it  more  profitable  in  the  long  run  than 
renting  in  small  tracts  for  mixed  husbandry.     This  latter  practice  is 
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sure  to  run  down  a  farm  in  a  few  years,  while  alfalfa  fanning  at 
once  keeps  the  land  clean  and  increases  its  fertility  amazingly.  The 
best  and  most  profitable  farming  here  is  done  by  men  who  own  a 
moderately  large  farm  and  practice  a  mixed  husbandry. 

POTATOES. 

Potatoes  are  usually  planted  after  plowing  under  alfalfa.  Two  crops 
can  then  be  successfully  produced.  Some  farmers  raise  the  two  crops 
in  succession,  while  others  raise  a  wheat  crop  between.  The  foraer 
is  the  better  way,  as  the  land  is  usually  too  rich  for  the  wheat  if  only 
one  potato  crop  is  raised.  Besides,  it  often  happens  that  the  rai^ng 
of  one  potato  crop  does  not  entirely  kill  the  alfalfa,  in  which  case  it 
comes  up  in  the  wheat  next  year  and  smothers  it,  making  it  difficult 
to  harvest.  Usually  the  second  crop  of  potatoes  is  the  better,  as  there 
is  likely  to  be  a  larger  stand  than  when  so  much  growth  of  roots  and 
stubble  are  turned  under  and  partly  mixed  with  the  soil,  since  the 
latter  dries  out  rapidly  from  the  free  circulation  of  the  air  admitted 
by  this  light  material. 

The  breaking  of  a  well-set  alfalfa  field  is  no  trifling  matter.   It 
may  be  done  with  three  hea\y  horses,  but  it  is  hard  work  for  them, 
and  they  will  not  be  able  to  break  more  than  1  acre  a  day.    The 
writer  prefers  using  five  heavy  horses — three  in  the  lead  and  two  on  the 
end  of  the  beam.     They  can  go  right  along  and  plow  2  acres  a  day. 
Alfalfa  roots  are  very  large  and  strong  when  the  plants  have  attained 
a  full  growth.     They  give  a  jerky  motion  to  the  plow  and  it  makes 
hard  work  for  horses'  shoulders.     A  cast-steel  plow  is  used,  and  the 
share  is  so  tempered  that  a  file  can  just  cut  it.     It  is  hammered  out 
thin  at  the  blacksmith's  shop  when  it  gets  too  thick  to  file  easily- 
The  reason  for  filing,  rather  than  using  the  hard,  thin  edge,  as  io 
other  plowing,  is  that  the  edge  needs  to  be  rough  as  well  as  thin,  or 
the  roots  will  slip  along  the  sloping  edge  of  the  share  and  not  cul 
well.     In  breaking,  the  plowing  is  done  from  6  to  8  inches  deep.   Ii* 
plowing  stubble  the  practice  is  to  get  down  about  10  inches. 

If  water  can  be  had,  it  is  better  to  irrigate  the  alfalfa  field  before 
plowing.  It  will  be  dry  enough  to  plant  in  three  days  if  it  has  not 
rained  meantime.  It  is  usual  to  harrow  down  or  run  over  with  B* 
packer  and  leveler  daily,  so  as  to  retain  the  moisture  as  much  ad 
possible. 

The  planting  is  now  done  with  an  Aspinwall  planter,  which  may  to 
regulated  to  plant  from  11  to  23  inches  apart.  Good  seed  is  indis- 
pensable, and  is  often  hard  to  get.  Under  our  forced  cultivation  the 
tubera  deteriorate  rapidly  in  form  and  \itality.  Often  the  sprouts, 
when  they  start  in  the  spring,  are  no  thicker  than  knitting  needles. 
A  thin,  weakly  stand  is  sure  to  follow  from  the  use  of  such  seed. 
Seed  is  shipped  in  from  sections  where  they  are  grown  by  natural 
rainfall.     In  1896  a  carload  was  obtained   from   the  divide  lyiu? 
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itween  Denver  and  Colorado  Springs,  a  high  region  where  the  rain- 
II  exceeds  that  of  the  plains,  and  where  it  suffices  in  spots  here  and 
ere  to  produce  a  moderate-sized  crop  without  irrigation.  A  new 
pply  of  seed  seems  to  be  needed  about  every  three  years  to  keep 
B  stock  in  good  shape,  but  much  can  be  done  by  careful  selectipn 
home-grown  seed.  Storage  in  a  comparatively  damp  cellar  or  dug- 
t  is  now  believed  to  keep  up  the  vitality  of  the  tubers  better  than 
Tage  in  a  very  dry  cellar.  The  latter  tends  to  induce  dry  rot  by  the 
le  the  planting  is  being  done,  which  is  from  May  15  to  about 
uelO. 

Sarly  planted  potatoes  usually  do  not  thrive  well  in  this  climate, 
e  soil  is  too  hot  in  July  for  the  tubers,  and  if  an  attempt  is  made 
ceep  down  the  temperature  by  frequent  irrigation,  the  vines  usually 
?ht,  turning  yellow,  both  stem  and  leaves  getting  stiff.  It  is  better 
ielay  all  irrigation  until  about  the  first  of  August,  when  the  vines 

beginning  to  blossom  and  the  small  tubers  are  beginning  to  form, 
gust  is  much  cooler  here  than  July,  the  nights  are  longer,  and 
re  is  more  light  rainfall  and  cloudy  weather,  all  of  which  are  aids 
irrigation. 

K)on  after  planting  and  before  the  potatoes  come  through,  they  are 
tivated  as  deep  as  the  ground  is  plowed  with  a  two-horse  cultivator, 
>  soil  being  thrown  onto  the  rows.  The  cultivator  is  followed  by  a 
B-toothed  harrow,  nearly  leveling  its  work  but  destroying  all  weeds 
1  leaving  the  ground  mellow.  Two  more  cultivations  are  given, 
5  last  one  throwing  up  the  earth  around  the  plants.  This  cultiva- 
n  is  followed  by  running  through  either  a  large  single  shovel  with 
igs  or  a  lister  which  makes  a  clean  continuous  ditch,  but  not  quite 
^n  to  the  depth  of  the  plowing.  The  top  of  the  ridge  is  from  10  to 
inches  above  the  bottoms  of  the  furrows. 

5y  about  August  the  vines  have  made  a  fair  growth  from  the  mois- 
e  stored  in  the  soil  and  the  light  rainfalls.  The  roots  have  spread 
leath  the  surface  in  the  soil  moved  by  the  plow,  and  many  of  them 
^e  penetrated  the  unmoved  soil  in  search  of  water.  This  is  a 
ilthy  and  thrifty  movement  on  their  part,  and  they  are  in  a  good 
lition  to  utilize  the  moisture  furnished  them  by  irrigation.  Water 
Allowed  to  flow  gently  between  the  rows,  a  larger  stream  being 
)wed  to  enter  the  rows  when  the  land  is  level,  so  as  to  force  it 
ough,  but  if  steep,  it  must  be  allowed  to  flow  long  and  slowly  on 
ount  of  washing,  and  the  irrigations  must  be  repeated  oftener. 

level  land  two  irrigations  are  usually  sufficient,  while  four  are 
le  too  many  where  the  ground  is  steep  or  where  it  is  very  porous. 
^o  rules  can  be  given  about  the  frequency  of  applying  water  except 

general  one  that  the  soil  in  the  rows  should  not  be  allowed  to  dry 
ough  and  through  so  as  to  arrest  the  growth  of  the  tubers.  If  this 
>pens,  then  they  take  a  new  start  when  water  is  again  applied  and 
ow  out  knobs  and  become  abnormal  in  form. 
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The  main  crop  is  harvested  from  October  1  to  October  25.  Some 
medium  early  ones  are  taken  up  all  through  September,  but  these  are 
usually  too  unripe  to  keep  long.  The  Dawden  Digger  is  mostly  used 
(see  PL  XX).  It  requires  a  man  and  four  heavy  horses  to  run  it, 
and  if  kept  going  ten  hours  can  dig  5  acres.  The  picking  is  paid 
for  by  the  sack,  which  holds  about  115  pounds.  The  price  now  is 
about  5  cents,  which  includes  sorting  and  sewing.  A  sorter  is  mostly 
used,  a  hoi-se  dragging  one  along  for  four  pickers,  with  one  man  to 
shake  it,  set  off  full  sacks,  and  put  on  empty  ones.  These  will  keep 
a  man  sewing.  If  the  potatoes  are  good,  these  six  men  will  pick,  sew, 
and  sort  250  sacks  per  day.  These  on  an  average  can  be  had  from  2} 
acres  if  the  crop  is  after  alfalfa,  but  no  such  average  is  obtained  from 
all  the  acres  planted,  even  in  the  best  potato  district.  The  most 
experienced  and  careful  men  sometimes  fail  to  get  even  a  thrifty 
stand,  and  as  much  poor  land,  or  steep  and  uneven  land,  is  planted, 
the  general  average  from  all  planted  in  the  valley  will  not  exceed  60 
sacks  to  the  acre. 

It  takes  about  two  men  and  a  team  to  haul  in  and  store  the  250 
sacks,  which  are  put  away  in  the  dugouts  on  the  farms,  the  sacks 
being  laid  on  their  sides  and  piled  up  about  eight  deep.  Many  sacks, 
however,  are  disposed  of  at  the  various  railroad  stations,  being  either 
sold  and  shipped  away  or  stored  at  the  potato  warehouses. 

PL  XXI  is  a  view  of  the  potato  dugout  of  Mr.  H.  B.  Eaton,  in  the 
town  of  Eaton.  It  is  excavated  about  3  feet  deep,  and  earth  put  on  top 
and  at  sides.  Teams  drive  in  and  out  on  a  gentle  incline.  Capacity, 
about  20,000  sacks  of  2  bushels  each. 

To  operate  such  a  digging  outfit  requires  7  horses  and  9  men. 
Calling  the  services  of  7  hoi^ses  equal  to  3  men,  we  have  an  average 
of  25  sacks  per  man,  or  nearly  50  bushels  dug,  sorted,  sacked,  sewed, 
and  put  away  in  the  dugouts. 

Sometimes  the  potatoes  are  taken  up  unsorted  and  stored  away  in 
bulk  in  the  dugouts.  In  this  case,  about  a  bushel  is  put  in  a  sack, 
which  is  neither  tied  nor  sewed  but  piled  onto  the  wagons  and  theu 
dumped  into  shoots  from  the  outside.  The  sorting  is  then  done  in 
the  winter  and  spring.     The  sacks  cost  about  4^  cents  by  the  thousand. 

For  the  last  five  or  six  years  the  price  of  i>otatoes  has  not  exceeded 
75  cents  per  hundred  pounds,  while  in  1896  it  was  only  25  cents.  They 
are  now  wortli  from  50  to  60  cents.  The  crop  in  1896  was  short,  not 
much  more  than  half  that  of  1894,  because  of  very  dry,  hot  weather  in 
the  early  part  of  the  season  preventing  a  good,  thrifty  stand  and  v\^' 
orous  growth  before  irrigation  was  commenced. 

In  general  it  may  be  said  that  the  crop  can  be  raised  at  a  profit  in 
an  average  year  for  50  cents  per  hundred,  sacked  and  delivered  at  the 
depot.  The  outfit  of  tools,  including  alfalfa  breaking-plow,  harrow, 
cultivator,  planter,  digger,  and  sorter,  costs  about  $300.  The  digger 
is  a  short-lived  machine,  and  needs,  on  about  an  average,  $10  per 
annum  for  repairs. 
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In  several  years  after  the  colony  settled  here  there  was  a  home  mar- 
ket, and  hence  a  high  price,  as  the  competition  was  between  those 
nised  here  and  those  shipped  in.  But  gradually  the  supply  began 
o  more  than  meet  the  home  demand,  and  shipments  had  to  be 
nade  into"  the  towns  on  the  Missouri  River  and  into  Texas.  Here  we 
*ame  into  competition  with  potatoes  raised  in  Iowa,  Minnesota,  Wis- 
consin, Arizona,  and  sometimes  Utah  and  California.  Still,  compared 
jvith  those  localities  that  do  not  irrigate,  with  which  we  come  in  com- 
[>etition,  we  have  the  advantage  in  a  dry  and  hence  scarce  year,  when 
the  price  is  high.  The  size  is  larger  and  the  quality  usually  better, 
ftud  therefore  we  get  a  higher  price  in  the  same  market,  say  by  from  10 
to  20  per  cent.  Hence  we  are  likely  to  keep  on  raising  large  quantities 
of  potatoes  in  this  region  and  at  fairly  remunerative  prices  on  the 
average.     But  the  days  for  making  large  profits  have  gone. 

UNDERGROUND  WATERS. 

The  percolating  waters  of  the  valley  are  of  considerable  importance, 
although  relatively  small  in  quantity  compared  to  the  amount  flowing 
>n  the  surface.  •  The  matter  of  seepage  water  has  been  fully  discussed 
>y  Prof.  L.  G.  Carpenter.^  There  are,  however,  a  number  of  matters 
^  connection  with  the  character  of  water  and  the  means  of  bringing 
^  to  the  surface  that  are  of  importance  not  only  in  this  valley,  but 
^^«where. 

ALKALINITY  OP  SEEPAGE  WATERS. 

Seepage  waters  are  nearly  always  heavily  impregnated  with  alka- 
^xie  salts,  and  storage  increases  the  percentage  of  these  deleterious 
Onstituents.  If  a  reservoir  is  only  15  feet  deep,  there  would  be  dur- 
tig  the  summer  over  one-third  evaporated.  As  the  salts  held  in  solu- 
Ion  do  not  escape,  the  water  in  the  reservoir  will  be  far  more  saline 
lian  it  was  when  received.  If  the  water  stored  comes  from  the  river 
lear  its  head  and  has  been  but  little  mixed  with  the  return  seepage 
tlways  impregnated  with  salts  or  alkali,  its  storage  will  not  materi- 
illy  injure  it  for  irrigation. 

The  effect  on  soil  using  alkali  water  exclusively  is  soon  made  visible 
>y  efflorescence  on  the  surface.  Hence  it  is  prudent  to  use  stored 
vater  alternately  with  that  brought  direct  from  the  river  by  the 
^nals.  Then  when  the  drainage  is  good  it  may  be  expected  that 
mCBcient  quantities  of  these  soluble  mineral  constituents  will  pass 
>ff ,  leaving  the  soil  comparatively  free.  The  lower,  older  canals  are 
naking  on  this  ground  objection  to  exchanging  the  river  water  for 
:.he  reservoir  water  in  the  manner  described  on  page  60.  This  is  a 
prions  question;  for  alkali  is  easily  developed  and  with  difficulty 
removed.  There  is  practically  no  way  of  removing  it  but  by  procur- 
ing good  drainage  and  applying  plenty  of  fresh  water  to  the  surface, 

1  Colorado  Agricultural  Experiment  Station  Bulletin,  No.  33,  Seepage  and  Return  Waters  from 
Irrigation,  by  L.  G.  Carpenter,  January,  1896. 
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in  this  way  dissolving  and  carrying  off  a  share  of  it  through  the  imder- 
drainage.  Surf  ace*  flooding  with  fresh  water  will  also  help,  but  there 
must  be  good  drainage,  natural  or  artificial,  or  the  land  will  be  ren- 
dered too  wet  to  raise  a  crop. 

Little  success  has  been  made  in  reclaiming  the  wet  alkali  land  in 
Cache  la  Poudre  Valley,  the  most  notable  attempt  being  at  the  Agri- 
cultural College  near  Fort  Collins.  Here  a  swamp,  made  so  bj'  seep- 
age water,  has  been  deeply  underdrained  with  tile,  and  the  land  now 
bears  good  crops.  The  writer  undertook  some  work  of  this  kind,  which 
proved  a  failure  because  the  tile  were  not  laid  deep  enough  to  reach 
the  sand  or  gravel,  the  chief  outlet  for  the  water  that  percolated 
through  the  soil.  This  is  about  7  feet  from  the  surface,  and  to  tile 
land  at  that  depth  would  cost  more  than  the  land  is  worth. 

The  drainage  of  the  town  sites  of  both  Greeley  and  Fort  Collins  is 
of  interest  in  this  connection.  When  these  towns  were  settled,  there 
was  no  trouble  in  getting  a  dry  cellar.  After  irrigation  had  been 
going  on  some  three  or  four  yeare,  water  commenced  to  rise  in  the 
cellars.  In  some  of  the  lower  places  it  showed  itself  even  on  the  sur- 
face. Ik)th  towns  are  underlain  with  a  deep  gravel  stratum,  which  it 
was  believed  would  give  a  perfect  drainage.  The  quantity  of  water 
applied  in  irrigating  lawns  especially,  and  by  the  great  number  of 
small  ditches  running  nine  months  of  the  year,  was  more  than  the 
gravel  could  carry  away,  and  so  it  began  to  force  it4self  to  the  surface 
where  lowest. 

The  town  of  Greeley  first  laid  a  deep  drain  on  one  side  of  Main 
street,  extending  to  the  river  on  the  east  and  to  the  city  limits  on  the 
west.  It  was  put  down  3  or  4  feet  into  the  gravel.  Sewer  tile  18 
inches  in  diamet-er  was  used  without  cementing  the  joints.  This  soon 
reduced  the  water  level  in  the  soil.  There  was  a  row  of  large  trees 
along  the  side  of  the  street  whose  rootlets  penetrated  the  joints  of  the 
pipe  and  nearly  filled  it.  This  was  all  taken  up  and  a  larger  pipe  (at 
the  lower  end  2  feet)  put  in  and  the  joints  cemented,  except  at  inter- 
vals of  200  feet,  whore  manholes  were  left  to  let  the  water  in  and  at 
which  place  the  roots  could  be  removed  as  occasion  required.  One 
cross  drain  was  also  put  in,  and  now  the  drainage  is  satisfactory. 

In  the  district  immediately  west  of  Greeley,  and  between  its  western 
boundary  and  Canal  No.  3,  water  began  to  rise  in  the  cellars,  and  about 
September  1,  1895,  appeared  on  the  surface  a  short  distance  west  of 
the  end  of  the  town  tile  drain  above  described.  The  cause  of  this 
was  traced  to  the  removal  from  the  bottom  of  the  canal  the  winter 
before  of  the  accumulated  sand  for  the  purpose  of  making  mortar. 
When  the  water  was  let  into  the  canal  the  spring  following  this 
removal,  it  was  ascertained  that  several  hours  were  required  for  the 
moderate  volume  to  pass  this  disturbed  area.  The  bottom  of  the  canal 
is  here  a  quite  coarse  gravel,  allowing  water  to  go  through  it  like  a 
sieve.     The  water  could  not  be  carried  off  by  the  drainage  of  the  land 
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low  as  fast  as  it  went  in.  Prof.  L.  6.  Carpenter  ^  of  the  Agrioul- 
ral  College,  states  that  a  measurement  of  the  amount  of  waterin  the 
tch  was  made  October  16, 1895.  The  quantity  in  the  canal  decreased 
om  25.86  second-feet  above  the  place  where  the  sand  was  removed  to 
.80  second-feet  a  little  distance  below,  or  a  loss  of  5.06  second- feet, 
le  total  distance  between  the  two  measurements  was  about  760  feet, 
le  total  area  of  surface  was  about  one-half  acre.  This  would  be 
[uivalent  to  the  discharge  into  the  area  wetted  by  the  canal  of  the 
lantity  covering  it  to  a  depth  of  21  feet  in  twenty-four  hours. 
After  the  water  was  turned  out  of  the  cAnal,  the  cellars  became  dry, 
maining  so  during  1896.  Two  years  after  the  canal  was  originally 
nstructed  the  same  rise  of  the  water  in  the  soil  was  observed,  but  it 
sappeared  after  the  sediment  had  coated  over  the  surface  of  the 
avel.  The  same  effects  of  excessive  percolation  have  been  observed 
low  canals  of  this  district  where  the  slope  is  so  steep  that  the  bottom 
kept  swept  by  erosion.  When  a  check  is  put  in,  causing  sediment 
gather  behind  it,  the  percolation  lessens  or  altogether  disappears. 
The  drainage  water  of  the  city  of  Greeley  is  mingled  with  a  limited 
lantity  of  sewage,  which  entere  at  the  lower  end  of  the  discharge 
ain.  This  is  carried  across  Cache  la  Poudre  Creek  iu  a  wooden 
ime  and  is  used  for  the  irrigation  of  a  market  garden  of  about  200 
res.  The  quantity  is  approximately  5  second-feet  up  to  about  the  end 
the  irrigation  season,  when  it  is  more  abundant.  This  drain  affords 
I  indication  of  the  periodical  fluctuation  of  underflow  due  to  a 
lange  from  ample  irrigation  to  cessation.  The  strip  irrigated  is 
krrow,  the  canal  not  being  more  than  from  1  to  1^  miles  from  the 
s^er,  and  the  gravel  bed  deep  and  of  coarse  material. 

PUMPING  UNDERGROUND   WATERS. 

Nearly  all  of  the  water  found  in  the  soil  and  gravels  comes  from 
e  percolation  following  irrigation.  This  is  proved  by  the  fact  that 
e  early  wells  dug  in  the  valley  often  penetrated  gravels  without 
iding  any  water  until  the  rock  was  entered.  For  instance,  on  the 
rm  of  the  writer,  in  1880,  when  the  Larimer  and  Weld  Canal  was 
)ing  built,  a  well  was  put  down  through  25  feet  of  soil,  25  feet  of 
avel,  and  25  feet  of  shale  rock.  Here  a  thin  layer  of  sandstone  was 
und,  yielding  a  small  supply  of  hard,  alkaline  water.  This  well 
fis  about  6  miles  north  of  Greeley,  and  its  bottom  was  above  that  of 
e  river,  due  south  of  it.  Along  the  river  bottom,  which  averages 
)out  H  uiiles  wide,  water  is  found  about  on  a  level  with  that  in  the 
srer,  the  sand  and  gravel  underlying  the  soil  admitting  of  its  easy 
issage  to  and  from  the  bed  of  the  stream.  The  dip  of  the  rock 
rata  is  toward  the  stream  and  slightly  to  the  east. 
The  water  in  this  well  did  not  rise,  indicating  that  there  was  no 

Seepage  or  Return  Waters  from  Irrigation,  L.  G.  Carpenter,  Bull.  38,  Colorado  Agricultural 
periment  Station,  January,  1896.  pp.  49  and  50. 
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pressure,  or  that  the  rock  overlying  this  water-bearing  sandstone  was 
not  impervious  or  wat-er-tight,  which  was  perhaps  also  indicated  by 
the  alkaline  constitution  of  the  water.  After  irrigation  had  been 
going  on  for  two  years,  the  water  began  to  rise  in  the  well,  filling  it 
up  to  the  top  of  the  rock  and  then  gradually  rising  through  the  25 
feet  of  gravel.  In  five  years  from  the  digging  of  the  well,  the  water 
stood  within  25  feet  of  the  surface,  where  it  remains  with  but  scarcely 
perceptible  fluctuation.  This  is  an  example  of  what  took  place 
everywhere  on  the  bench  land,  varied  by  the  different  conditions  and 
depths  of  soil,  gravel,  and  rock. 

In  Lone  Tree  Valley  water  was  found  at  the  bottom  of  the  under- 
lying heavy  gravel  l)ed,  and  an  abundant  supply  is  to  be  had  above 
the  Larimer  and  Weld  Canal  at  a  depth  of  17  feet.  The  same  condi- 
tion occurs  on  Owl  Creek,  a  branch  that  comes  from  the  northeast. 
At  Carrs  Station,  still  farther  north,  on  Lone  Tree  Creek,  the  water 
flows  out  at  several  places,  presumably  forced  to  the  surface  by  the 
bed  rock.  At  this  latter  point  some  small  ditches  furnish  water  to 
irrigate  a  few  acres.  Two  wells,  one  pumped  by  steam  and  the  other 
by  a  windmill,  supply  water  for  the  irrigation  of  small  tracts  of  land 
lying  above  the  line  of  the  canals. 

Lone  Tree  Creek  issues  from  the  foothills  at  Granite  Canyon,  Wyo- 
ming. From  there  to  the  point  where  it  ends  in  the  Platte,  at  the 
mouth  of  the  l^oudre,  is  75  miles.  The  watershed  or  catchment  area 
has  an  extent  of  536  square  miles.  The  water  found  in  the  wells  is 
quite  soft,  indicating  that  its  origin  is  near  the  head  of  the  creek.  As 
the  soil  overlying  the  gravel  is  heavy  cla}^  it  is  probable  that  but  little 
of  the  rainfall  penetrates  it  to  any  considerable  depth,  and  is  either 
evaporated  or  runs  off  from  the  surface  into  the  bed  of  the  creek. 
The  surface  run-off  is  an  intermittent  flow,  but  keeps  its  channel  well 
defined. 

In  striking  contrast  are  the  conditions  in  this  v^alley  below  the  point 
where  the  Larimer  and  Weld  Canal  crosses.  A  short  distance  dovn 
the  water  flows  permanently  in  the  bed  of  the  creek  to  such  an  extent 
that  three  or  four  small  canals  are  taken  from  it.  This  water,  unlike 
that  usually  seeping,  is  also  ([uite  soft,  probably  for  the  reason  that 
the  layer  of  soil  above  the  gravel  is  thin,  usually  about  3  feet,  and 
hence  can  furnish  but  little  alkali  to  the  water  that  percolates  through 
it.  The  canal  above  is  doubtless  the  principal  source  of  the  added 
underground  water,  since  the  bottom  of  its  excavation  must  be  near 
if  not  at  the  top  of  the  gravel. 

Two  extensive  pumping  plants  belonging  to  Andrew  Wilson  are 
located  in  Lone  Tree  Valley.  The  first  is  about  5  miles  below  the 
crossing  of  the  Larimer  and  Weld  Canal  and  150  feet  away  from  the 
creek  channel.  The  depth  to  water  here  was  8  feet,  and  the  well, 
12  by  12  feet  wide,  was  put  into  the  water  10  feet.  The  well  is  cased 
with  2-inch  plank,  and  was  dug  by  machinery  operated  by  a  steam 
engine.    The  cost  of  well  and  two  pulsometer  steam  pumps  was  $1,200. 
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The  pumps  raised  a  flow  that,  passing  over  a  weir  2  feet  wide,  meas- 
ured 5  inches  deep.  From  this  well  in  one  year  there  were  irrigated 
240  Acres,  one-half  in  wheat,  the  other  in  potatoes.  It  took  about  1 
ton  of  coal  per  twelve  hours,  which  cost  at  the  Eaton  mines,  2  miles 
distant,  11.50  per  ton.  The  pump  was  operated  night  and  day  for 
about  thirty  days  each  season.  This  plant  was  erected  in  1888,  and 
the  pulsomet^r  pump  was  replaced  in  1893  by  one  centrifugal  pump 
operated  by  an  engine,  each  costing  t-iOO.  This  is  an  improvement 
Oil  the  two  pulsometers. 

In  1892  Mr.  Wilson  put  in  another  pumping  plant,  much  more 
extensive,  2  miles  farther  up  the  creek.  The  well  was  put  in  a  bend 
of  the  creek  93  feet  from  its  bed.  It  is  12  feet  by  12  feet  wide  and  27 
feet  in  depth.  Water  here  was  found  within  3  feet  of  the  surface. 
The  well  cost  $800,  and  the  pump,  engine,  and  boiler  1^1,700  more. 
The  boiler  is  60-horsepower,  engine  35-hor8epower.  This  pump, 
when  operated  constantly,  ciin  lower  the  water  in  the  well  18  feet, 
eaving  6  feet  still  in  the  bottom.  The  pump  is  centrifugal  and  can 
n  forty-five  days  raise  enough  water  to  irrigate  320  acres.  It  requires 
ibout  2  tons  of  coal  a  day.  The  coal  is  obtained  at  the  same  price 
ind  distance  as  in  the  first  case.  The  owner  considers  this  much 
iheaper  than  the  purchase  of  rights  in  the  Larimer  and  Weld  Canal, 
n  which,  if  obtainable,  the  cost  is  $2,000  per  80-acre  water  right  from 
he  canal  and  $800  per  right  for  reservoir  water,  making  an  invest- 
nent  for  water  for  the  320  acres  of  $11,200,  as  against  $2,500  for  the 
)umping  plant.  The  expense  of  operation  is  considerably  more,  but 
lot  enough  to  equal  the  interest  on  the  difference  of  capital  invested. 
The  privilege  of  pumping  water  from  his  own  land  has  not  been 
jontinuously  enjoyed  by  the  owner.  In  the  summer  of  1895  he  was 
restrained  from  pumping  at  the  instance  of  parties  who  are  diverting 
v^ater  from  Lone  Tree  Creek  below  his  plant.  His  pumps  were 
itopped  by  the  order  of  the  district  court  about  the  middle  of  the 
iTigation  season.  He  had  already  been  through  the  courts  in  con- 
lection  with  his  lower  plant,  and  the  case  had  been  decided  in  his 
'avor  in  the  court  of  appeals  at  the  spring  term  of  1893.  This  legal 
Hjntroversy  is  of  general  interest  to  those  engaged  in  irrigation  in 
he  arid  regions. 

The  district  court  in  the  first  case  instructed  the  jury  as  a  matter 
)f  law  *'that  water  which  percolates  through  the  soil,  without  an  evi- 
lent  and  well-known  channel,  is  regarded  as  a  part  of  the  land  and 
belongs  to  the  owner  thereof,  and  he  may  make  such  use  of  the 
jeater  as  he  sees  fit  while  it  remains  on  or  under  his  land;  second, 
}hat  digging  wells  close  to  a  stream,  so  that  the  waters  of  the  stream 
lecessarily  percolates  into  such  wells,  thus  diminishing  the  water 
previously  appropriated,  is  but  doing  indirectly  what  the  law  forbids 
t)eing  done  directly,  and  will  not  be  allowed." 

The  verdict  was  for  the  defendant,  because  the  evidence  did  not 
ippear  to  the  jury  to  prove  that  the  pumping  lessened  the  flow  in 
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Lone  Tree  Creek.  The  court  of  appeals  sustained  the  verdict 
"because  the  evidence  was  so  vague,  conflicting,  and  indefinite." 
But  the  court  criticises  the  first  instruction  to  the  jury  cited  abovje  in 
this  fashion : 

It  is  probably  safe  to  say  that  it  is  matter  of  no  moment  whether  water  reaches 
a  certain  point  by  percolation  through  the  soil  by  a  subterranean  channel  or  by  a 
surface  channel.  If  by  any  of  these  natural  methods  it  reaches  the  point  and  is 
there  appropriated  in  accordance  with  law,  the  appropriator  has  a  property  in  it 
of  whicji  he  c^n  not  be  divested  by  the  wrongful  diversion  of  another,  nor  can 
there  be  allowed  any  substantial  diminution.  To  hold  otherwise  would  be  to 
concede  to  superior  owners  of  land  the  right  to  all  the  sources  of  supply  that  go 
to  create  a  stream,  regardless  of  the  rights  of  those  who  previously  acquired  the 
right  to  the  use  of  water  from  the  stream  below.  Strictly  and  technically,  the 
instruction  should  not  have  been  given.  There  were  no  facts  in  evidence  upon 
which  it  could  properly  be  based.  But  in  view  of  the  fact  that  nearly  all  the 
evidence  was  directed  to  the  question  of  whether  the  water  supply  was  diminished 
by  the  acts  of  the  defendants,  the  finding  of  the  jury  that  it  was  not  renders  the 
instruction  harmless.  The  other  instruction  (No.  2)  given  by  the  court  appears 
to  embrace  and  clearly  state  all  the  law  of  the  case. 

The  ditch  owners  apparently  made  two  claims,  one  for  the  water 
visibly  flowing  in  the  channel  of  the  stream  and  one  for  a  part  of  (he 
water  in  the  gravel  below,  which  they  affirmed  they  had  forced  up  by 
means  of  a  dam  sunk  in  the  bed  of  the  channel  at  the  head  of  their 
ditch.  The  testimony  went  to  show  that  the  pumping  did  not  reduce 
the  visible  supply,  and  it  was  not  proved  how  much  the  invisible  sup- 
ply was  affected.  From  the  nature  of  the  situation  it  can  be  seen 
that  no  t<*mporary  shallow  dam  could  raise  and  force  the  subterrancM 
water  into  the  head  of  the  ditch,  w^hich  was  about  0  feet  above  the 
water  table. 

The  valley  at  this  place  is  2  miles  wide,  and  the  depth  of  the  under- 
^y^^S  gravel  is  about  30  feet.  Even  if  a  comparatively  wide  dam 
were  put  into  the  creek  down  to  bed  rock  it  could  not  force  thewat«r 
table  to  rise  except  to  a  very  limit-ed  extent  and  not  to  approach  the 
height  necessary  to  enter  the  head  of  the  ditch.  The  water  aft«r 
being  elevated  a  few  inches  behind  the  dam  would  undoubtedly  move 
around  its  flanks  in  the  surrounding  gravel.  In  regard  to  this  aspect 
of  the  question  the  court  said : 

In  the  case  of  a  running  surface  stream  the  (luestion  of  appropriation  is  of  easy 
solution;  but  not  so  in  a  sunken  stream,  particularly  where  the  water  is  at  an 
indefinite  distance  below  the  surface.  Under  such  circumstances  it  becomes  at 
once  apparent  that  to  appropriate  and  utilize  the  water  an  impervious  dam  must 
be  constructed  and  carried  down  to  an  imi)erviou8  base  to  stop  and  retain  the 
subterranean  water  and  raise  it  to  the  ditch.  Whenever  such  adequate  provision 
is  made,  any  act  diminishing  the  quantity  that  would  naturally  reach  the  dam  and 
add  to  the  supply  up  to  the  limit  of  appropriation,  whether  by  diversion  upon  the 
surface,  the  sinking  of  wells,  and  using  pumps  or  otherwise,  would  be  action- 
able. *  *  *  It  is  iu  evidence  that  the  plaintiff  had  constructed  a  dam  across 
the  stream  to  supply  his  ditch,  but  there  is  nothing  in  r^ard  to  the  character  of 
the  dam.  *  ♦  ♦  The  eflSciency  of  the  dam  to  stop,  retain,  and  apply  the  sunken 
water  should  have  been  shovra,  for  if  the  water  found  and  taken  by  defendants 
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by  sinking  wells  and  pnmping  would,  in  its  natural  course,  have  passed  under  the 
dam  [and  he  might  have  said  around  it]  the  available  supply  could  not  have  been 
materially  diminished. 

The  second  case  involved  both  wells,  but  has  more  pertinence  to  the 
upper  one,  which  is  much  deeper  and  placed  in  a  bend  of  the  creek 
where  the  water  was  near  the  surface.  In  this  case  it  was  shown  that 
the  pumping  decreased  the  visible  supply  in  the  creek  above  the  heads 
of  the  ditches. 

On  hearing  the  question  of  making  permanent  the  temporary  injunc- 
tion which  he  had  granted.  Judge  Jay  II.  Bouton,  of  the  district  court, 
said:  ^ 

This  is  a  case  of  great  importance  to  all  parties  interested,  and  has  been  com- 
menced at  a  very  critical  season  of  the  year,  and  that  is  the  reason  why  I  thought 
it  should  be  determined  on  its  merits  now.  To  my  mind  there  is  but  one  question  of 
importance  in  this  case,  and  that  is  as  to  whether  the  defendant,  by  the  construction 
of  these  wells  in  Lone  Tree  Creek  or  its  valley  and  the  pumping  of  water  therefrom, 
has  diminished  the  flow  in  Lone  Tree  Creek  so  as  to  deprive  plaintiffs  of  water  to 
which  they  were  justly  entitled  under  their  decrees  as  entered  in  this  district;  and 
perhaps  preliminary  to  that  is  the  question  as  to  whether  it  is  a  well-defined 
stream,  the  water  therein  flowing  in  a  clearly  marked  channel,  either  regularly  or 
intermittently,  from  which  the  plaintiffs  were  entitled  to  their  decrees  of  priori- 
ties. I  am  clearly  satisfied  from  the  evidence  that  both  of  these  propositions  must 
be  answered  in  the  affirmative.  The  testimony  introduced  on  behalf  of  the  defend- 
ant,  standing  alone,  sufficiently  establishes  the  fact  that  there  was  a  considerable 
diminution  in  the  volume  of  water  running  in  Lone  Tree  Creek  after  the  defend- 
ant's pumps  were  operated,  produced  evidently  by  sinking  and  pimiping  of  water 
to  irrigate  his  land.  If  that  is  true,  then  he  has  no  more  right  to  sink  these  wells 
below  the  level  of  the  ground,  or  below  the  surface  of  the  stream,  and  thus  pump 
from  the  stream  than  he  would  have  to  take  it  directly  from  the  bank  [bed]  of 
the  stream  for  the  same  purpose  by  means  of  the  construction  of  ditches.  Of  this 
prox>osition  I  have  no  doubt  whatever.  The  motion  to  dissolve  the  injunction 
heretofore  granted  is  denied. 

It  has  been  held  by  the  court  that  if,  as  the  result  of  pumping  on 
one's  own  land,  it  can  be  proved  that  a  surface  stream  is  diminished 
to  the  detriment  of  one  who  has  a  prior  right  to  the  use  of  the  water, 
it  will  not  be  allowed,  no  matter  how  the  stream  is  fed — that  is,  whether 
it  derives  its  water  in  part  from  percolation  from  the  estate  of  the  one 
employing  the  pumping  plant  or  not.  This  reverses  the  doctrine  that 
water  mingled  in  the  soil  below  the  surface  is  part  of  the  estate — 
the  fluid  substance  being  as  much  a  part  of  the  soil  as  the  solid  por- 
tion. In  this  case  the  true  derivation  of  the  water  is  not  hard  to 
trace.  It  is  due  both  to  the  water  flowing  at  the  bottom  of  the  gravel 
which  underlies  the  valley  and  to  the  percolation  from  the  Larimer 
and  Weld  Canal  and  the  lands  irrigated  therefrom,  and  not  to  rain- 
fall on  the  lands  of  the  immediate  vicinity.  In  consequence  of  this 
ruling  there  must  be  a  great  loss  to  this  valley  of  w.ater  for  irrigation. 
The  quantity  secured  by  ditches  is  insignificant  compared  with  what 
could  be  pumped.  The  bed  of  the  creek  is  nearly  on  a  level  with  the 
top  of  the  gravel  bed,  and  hence  can  receive  into  its  channel  but  a 

>  Third  Colorado  Court  of  Appeals,  490,  and  33  Pacific  Reports,  280. 
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I  portion  of  the  underground  water  that  is  slowly  moving 
Itimately  make  its  appearance  in  tlie  bed  of  Platte  River, 
ng  in  1888  there  was  considerable  activity  in  erecting  pump- 
3.      A  building  \^as  put   up  to   manufacture  what  were 
the  liuffer  pump  and  the  Nye  pump.     These,  after  trial^ 
cast  aside  for  the  reason  that  the  pumps  did  little  work 
3I  consumed.     They  were  simple  in  construction,  and  hence 
b  they  were  of  primitive  design,  dating  back  to  the  infancy 
)lication  of  steam  to  mechanical  purposes.     The  Swan  hot- 
devised  by  one  of  the  men  prominent  in  promoting  pump- 
le  manufacture  of  the  pumps  al>ove  referred  to,  is  perhaps 
ical  as  any  in  the  market.     One  of  these  has  been  erects 
nks  of  Cache  la  Poudre  Creek,  near  Greele^^  pumping  oat 
er  for  the  irrigation  of  adjacent  lands  of  II.  E.  Churchill, 
asserted  to  have  a  capacity  of  1,000  gallons  a  minute,  or 
second-feet.     The  boiler  was  so  constructed  that  it  conld 
slack,  which  cost  about  #2  a  ton  laid  down,  about  a  ton  a 
required.    Under  usual  conditions  it  probably  lifted  steadily 
feet  per  second  to  a  height  of  15  feet.     It  was  used  three 
was  discontinued  in  1896,  the  reason  being  given  that  the 
vated  was  of  poor  quality  and  did  not  pay  expenses,  the 
oduce  being  so  low.     Another  of  these  pumps,  raising  water 
IS  Tised  by  J.  D.  Miller  on  his  farm  in  connection  with  canal 
n  the  latter  was  scarce. 


ARTESIAN  WATER. 

[)west  part  of  the  valley — ^that  at  Greeley — is  in  the  Fox  HiUs 
,  there  is  little  hope  of  striking  the  Dakota  at  moderate 
he  Cretaceous  formation  here  is  as  thick  as  reported.  R.  C. 
I  the  average  thickness  of  the  beds  lying  between  the  Lara- 
}he  Dakota  at  3,500  feet.  The  latter  sandstone  outci-ops 
5  hogbacks  near  Fort  Collins. 

of  discouragements  a  project  was  started  in  1883  to  pnt 
irtesian  well  in  Greele3^  Swan  Bros,  took  a  contract  for 
)0  feet.  Bhie  shale  was  struck  at  40  feet.  No  -water  was 
500  feet  that  would  overflow,  and  the  work  was  prosecuted 
et,  when  a  fine  bluish-gray  sandstone  was  struck.     The  flow 

Aveak,  and  it  was  decided  to  go  farther  to  see  if  a  better 

be  ol)taincd.  A  depth  of  2,300  feet  was  reached  and  no 
ing  water  was  found. 

rs  have  been  put  down  to  this  1,150-foot  water,  all  of  which 
ak  flow  until  pumping  w^as  commenced  in  one,  when  the 
ed  to  flow  in  all  the  others.     The  water  rises  to  within  40 

surface.  The  cost  of  these  wells  to  the  depth  of  1,150  feet 
2,500.  The  water  is  distributed  by  pipes  to  the  different 
it  have  put  down  the  wells,  and  is  highly  valued  for  wash- 
jcs.     It  is  not  hard,  but  contains  matter  distasteful  to  most 
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I)eople.  It  was  once  regarded  as  medicinal  in  its  properties,  but  now 
seems  to  have  lost  this  reputation.  The  stratum  of  sandstone  from 
which  the  water  comes  is  about  25  feet  in  thickness,  and  on  account 
of  its  fineness  and  hardness  yields  but  a  small  flow. 

Both  in  Greeley  and  in  the  country  around  it  wells  have  lately  been 
sunk  into  rocks  believed  to  be  of  the  Fox  Hills  formation.  Soft  watei- 
has  been  obtained,  wjiich,  however,  in  no  case  rises  to  the  surface. 
In  Greeley  the  rock  furnishing  this  watci*  is  struck  at  from  75  to  90 
feet,  and  the  water  rises  to  within  some  40  feet  of  the  surface. 

About  8  miles  north  of  Greeley  and  1  mile  north  of  the  town  of 
£aton  an  experimental  well  was  put  down  by  B.  H.  Eaton.  The  fol- 
lowing account  was  obtained  from  the  contractor,  Dr.  Swan :  Above 
bed  rock  were  85  feet  of  soil  and  gravel.  At  250  feet  open,  porous 
sand  rock  wjis  found  30  feet  thick,  and  in  it  a  great  abundance  of  soft 
water  which  rose  to  within  28  feet  of  the  surface.  At  450  feet  a  simi- 
lar formation  was  found  and  the  water  rose  to  the  same  level.  After 
this  were  shales  and  sandstones  to  025  feet,  but  no  overflow.  At 
€25  feet  blue  limestone,  6  feet  thick,  was  struck.  The  work  was  con- 
tinued to  070  feet,  but  with  no  more  sandstone  nor  water. 

On  the  farm  of  the  writer,  about  3  miles  south  of  the  above,  a  well 
was  put  down  in  1894  to  a  depth  of  205  feet.  Of  this  55  feet  were  in 
soil  and  gravel  to  bed  rock,  the  gravel  being  full  of  water  to  the  top. 
Next  l)elow  was  a  thin  shale  with  coal  indications;  then  a  deep  layer 
of  sandstone,  80  feet  thick,  with  plenty  of  hard  water;  then  40  feet 
of  shale,  underlain  by  30  feet  of  sandstone,  containing  water,  also 
hard ;  then  20  feet  more  of  shale,  when  the  sandstone  was  struck, 
which  now  yields  the  supply  pumped  from  the  well.  The  sand  rock 
is  very  hard  and  close  grained,  and  yields  a  small  supply.  The  water 
comes  to  within  70  feet  of  the  surface,  but  settles  rapidly  when 
pumped.  There  is  170  feet  of  G-inch  iron  piping  in  the  well.  The 
total  cost,  pump  and  all,  was  about  ^500.  Half  a  mile  southeast  of 
this  well  another  was  put  down  in  which  an  abundance  of  soft  water 
was  found  at  the  depth  of  190  feet. 

About  twenty  wells  have  been  put  down  around  the  above  two 
named  within  a  radius  of  3  miles.  They  vary  so  much  in  depth  and 
in  quality  of  water  in  the  different  sands  as  to  lead  to  the  inference 
that  this  country  is  much  broken  by  faults  and  that  at  places  the 
seepage  water  from  the  surface  gets  into  the  sandstone.  In  all  the 
eases  so  far  fairly  soft  and  good  drinking  water  is  found  in  some  of 
the  sandstone  strata  and  at  a  moderate  depth,  but  the  pressure  in  no 
instance  is  suflicient  to  make  the  wat^r  overflow,  although  it  rises  to 
varying  depths  from  the  surface. 

These  wells  cost  from  1200  to  $500  each,  but  furnish  the  best  of 
drinking  water,  and  have  much  improved  the  health  of  the  localities 
where  they  are  situated,  especially  in  immunity  from  typhoid  fever,  the 
most  fatal  disease  of  this  region.  None  of  these  deep  wells  have  been 
put  down  more  than  2  miles  west  of  a  line  joining  Eaton  and  Greeley. 
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